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HABITABILITY SUBSYSTEM Housekeeping 


APPLIANCE FUNCTIONS CONSIDERED 

3.1.1 Surface Wiping 

3.2.1 Manual Collection 

3.2.2 Vacuum Collection 

3.2.3 Refuse Transfer 

3.2.4 Refuse Processing 

3.2.5 Refuse Disposal 

3.3.1 Washing 

3.3.2 Drying 

3.3.3 Washing/Drying Combination 


DESCRIPTION 

The housekeeping habitability subsystem was designed to provide the cleanup, 
collection, processing, transfer and storage of refuse generated during a 
mission and crev/man garment/linen maintenance. The study assumed refuse trans- 
fer would be accomplished manually for the missions under consideration. Longer 
term missions may eventually require some forms of automatic transfer. The 
housekeeping routines and equipment interface with all of the crew tasks, 
including experiments, medical research and care, system operations, dining, 
recreation, sleep, and personal hygiene. 
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/ 

HABITABILITY SUBSYSTEM 3-0 Housekeeping 


HABITABILITY FUNCTION 3.1 Equipment Cleaning 


APPLIANCE FUNCTION 3.1.1 Surface Wiping 


NUMBER OF CONCEPTS CONSIDERE D 


ASSUMPTIONS 

(>1) Equipment cleaning includes all methods which use a moist wipe, cloth or 
sponge and a means of drying the item cleaned. 

(2) The equipment cleaning function was assumed to be performed 15 times per 
'day. Three times for meal cleanup, six times for cleanups of the personal 
hygiene area, three times for cleanup of spills, etc., and two for continency 
cleanup. 

(3) Usage of a wetting unit, or equivalent, was based on 2.25 minutes per use. 

(4) Washer/dryer penalty v/as based on washer concept 8, Water Spray Agitation 
and Dryer concept 1, Forced Hot Air - Electric Dryer. 

(5) Water used for Space Station equipment cleaning was assumed to be recycled 
minus the water lost associated with the suspended solids. Shuttle water used 
is not recycled. 
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RELIAB-Y 33. H5 — 37. B 7 — 94*52 40*36 — 38.86 — 77*94 9.83 14*25 — 13*50 — 54.35 

HAIntENC 32.92 37.35 94.52 48.36 38.60 77*83 9.31 J3.72 U*OS 54.24 

-0 E'V-Ci>51= 3t^B ^6^21 5i-r-£r9 3-8‘r54 7S^nx3 6 “tT 3 Tt^ 5 TCTn 


-32i26 ^76*48" 

41*54 78.93 

-34.27 - 76.70 
41*54 76.79 

-38.53 - 79,24^ 
30*00 79«13 
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APPLIANCE CONCEPT COMPONENT SUI-IMARY MATRIX 


APPLIANCE FUNCTION: 3.1,1-EQUIPMENT CLEANING 


TYPE 




NUMBER 

0 F 

COMPONENTS 


NUMBER 

OF 

SAFETY 

CRITICAL 

ITEMS 

WATER 

SEPARATOR 

cc 

LU 

!3 

LU 

SOLENOID 

VALVE 

HEAT. 

EXCHANGER 

o 

r> 

s: 

o 

o 

<c 

TEMPERATURE 
CONTROL VALVE 

CONTROLLER 

TIMER 

CHECK 
VALVE • 

■ 

D. 

s: 

a. 

MANUAL 

VALVE 

oc 

LU 

RELIEF 

VALVE 

05 

O 

ELECTRIC 

SWITCH 



APPLIANCE TYPE ^S^O. 

© 

(D 


© 

0 

@ 


@ 

0 


© 


© 


o 

o 

DISPOSABLE WET/DRY WIPES 

1 

2 

2 

1 

1 

1 

1 ■ 

1 


- 

- 


1 

1 

. 


0 

REUSABLE WET WIPES/DISPOSABLE 

1 

2 

2 

1 

1 

1 

1 

1 

- 

p- 

- 

- . 

1 

1 



0 

WET WIPES 


















•DISPOSABLE WET/DRY WI PES 

- 


- 

- 

- 


- 

- 


- 

- 

- 

- 

- 



0 

AUTOMATIC SPONGE MOP (ASTRO-VAC) 

1 

2 

2 

. 1 

- 

- 

1 

1 

1 

- 

- 

- 

2 

1 



0 

REUSABLE CLEANING CLOTHS/ 

1 

2 ■ 

2 

1 

•1 

1 • 

1 

1 





1 

- ' 



0 

DISPOSABLE DRY WIPES 





* 













DISPOSABLE CLEANING CLOTHS/ 

P. 

- 



1 


1 

1 

1 

5 

1 

1 

1 

-p 



q 

DISPOSABLE DRY WIPES 


















DISPOSABLE WET WIPES/REUSABLE 

1 

• 2 

2 

1 

1 

1 

1 

1. 

- 

-p 

- 

- 

1 

1 



0 

DRY WIPES 


















REUSABLE WET WIPES/REUSABLE' 

1 

2 

Z 

1 

1 

1 

1 

1 

- . 

- 


- 

1 

1 



0 

DRY WIPES 






* 












REUSABLE CLEANING CLOTHS/ 

1 

2 

2 

1 

1 

1 

1’ 

1 

- 

- 

- 

- 

1 

1 



0 

REUSABLE DRY WIPES 


















DISPOSABLE CLEANING CLOTHS/ ’ 

- 

- 

- 

- 

1 

- 

1 

1 

1 

5 

1 

1 

1 

- 



0 

REUSABLE DRY WIPES 


















SPONGES/ENCLOSED WETTING UNIT 

1 

2 

2 

1 

1 ’ 

1 

1 

1 

- 

- 

- 

- 

1 1 

1 



0 

SPONGES/SKYLAB TYPE WETTING UNIT 





1 


1 

1 

1 

5 

1 

1 

! 

i 

1 

1 




0 
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SPACECRAFT^ Shuttle 

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Equipment Cleaning 


APPLIANCE FUNCTION Surface Wiping 

APPLIANCE CONCEPT NO. /TITLE 1 /Disposable Wet/Dry Wipes 

‘INDEX NO. 3. 1.1.1 REF. NO. 236,186 

DESCRIPTION The disposable v/et/dry wipe concept utilizes a wet wipe for clean- 
up and dry wipe to soak up remaining moisture. A wetting unit with hand holes is 
supplied for the function. The v/etting unit has a water supply outlet and a fan 
for providing water entrainment during use. A centrifugal separator is provided 
upstream of the blov/er to collect used water. Water “temperature is controlled 
by mixing hot with cold water in a temperature controlled mixing valve. The crew- 
•man v/ets the wipe, uses it for area cleanup (disinfectant soap is located at the 
wetting unit) and can be rewetted if necessary for cleanup. The wipe is wrung out 
in the wetting unit and disposed of by deposit into a vacuum drier to remove excess 
water. Dry wipe's are provided to dry damp areas left by the wet wipe. The used 
wipes are deposited into the refuse system. The disposable vn'pes are 'i2 inch 
squares of 4 ply "wet strength" paper. One wet wipe and one dry wipe are provided 
per cleanup based on a maximum of 15 cleanup functions per day. 
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APPLIAHCC CONCiri fltquimirms A/IO PtNALllCS CftLCUlATlOHS 

itfcrZ /JCj' co/^&S iNotx 


COtHPOMEHT 


(REF) 


E L'E C T R 

i k 

£0«ER £E9.UiRLM£ 

AC . POWER 

.liii 

0 c 

P 0 H E 

USE^HE 

(5) 


OEf^'JD 

© 



CYCLE 

PEAK 

AVERAGE 

(MATT -MR/ 
CYCLE I 

peak 


AVERAGE 

(HR) 

(MATTS) 

(WATTS) 

©x6 

(WATTS) 


(WATTS) 

^.037S. 

. So.o. 


-L3S- . 

— 





J5J— 

ort'i'RO 

{MAn-ti,v 

CVCLEJ 

6x0 


. S q ^. . • 

KAXIHUM 


TOTAL 


ftAXlKUH 


TOTAL 


lli£!i!iAk RLfiui£L!il.!i.I§. 


SOURCE 


LATEtJT 

{8TU/HR) 


SENSIBLE 

(6TU/HR) 


HEAT LEAK 
(BTO/HR) 


TO COOLANT 
(BTU/HR) 


Jtk2lQMS- 


S±B- 




^Ql 


TOTAL 


^zax^) 

MATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) 


WATT (BlU/HR) 


SOURCE 


■HM- 


operational PENALIiES 

HEAT LEAK ""'"'"So COOLANT ELECTRICAL WEIG.n 

(BTU/HR/CYCLE) (BTU/HIl/CTCLE) . (PK WATTS/CYCLt) (LO/HISSIOH) 


VOLUME 

(FT’ /MISSION) 




TOTAL 


MATTS/CYCLC 

(BIU/llR/CYCLE) 


HAITS/CYCLE 

(DUI/IIR/CVCLE) 
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Kf./H1SSI0M 

(LU/HISStON) 


M' /MISS ton 
(fTVmsslOH) 


t 


1 
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APPLIANCE CONCEPT REquiRtMENTS Af(U fTNALTILS CALCULATIONS (COflCLUDCO) 

CONCEPT ir fj Jt. T/OM </ S INDEX NUKUER. 


WEiCMT/VOLUHE RES!J.iEL!ii!ili 


COMPONENT 

jAj(rrnn 


VOLUME 

(n>) 



KG (LBS) 


H> (ET 3 ) ' . 


wmrmmBisei 


SOLID i2.P|.!iDABl£ WT/VOL EIQDXREMiNlS 

© CD ® © 

© WT/UNIT (RET) HT/CYCIE VOL/UNIT (REf) VOI /CYCLE 

(PKG.WT/UNlTHREf) ©X© (PKG. VOL/UN IT ) (REF ) ©X® 

UNITS/CYCLE(REF) (LB). (LbT (FT’) TfT’J 

L ^SS 23 S 4 . . 001 ^ . 00 /S ' 




WM 


TOTAL m. 

irrssto^r 


TOTAL VOL 

mTsmgn 


CYCLES/DAY 


CYCLE'5/DAV 


DAYS/MlSS'lorr 


_ 20tS^ _ 
DAYS/HlfSTON 


2 ( 3 ) 

TOUL KT/CYCLE 

(lb) 

_ X _ _ 

TOT. W1 /CYCLE 
(LB) 

X ^OoB(D 

tot.vol/cYcle 

(FT>) 


E(£) •ooSo 

YOIAL VUl/CYL. I 
(FT’) 


"kg1l¥) 


Xs:m\ 


B’Tn’l 


SAS/LifiUiD expendables REquxrehenis 


© 

AHT.USED/CYCL£(REF) 

(LB) 


RECOVERY 


© 

AHT.RECnVEPED/CYCLE 

©x(b 

(lbT 


© 

AMT LOST/CYCLE 
®-6 
(lbT 









2© 


total wt_^ 
MrSSVON 


/5' X 20,5 X - I^Z.9 Y aJ/a 

~CYCl£7i)AT — Ws/MissroN” Tim lusTTcYCir ^ 

' fr (33 (LB) (r 0 


3.0 

■ KG fU) 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTIO N Equipment Cleani ng 

APPLIANCE FUNCTION Surface Wiping 

APPLIANCE CONCEPT NO. /TITLE 2/Reusable Wet/Disposable Dry Wipes 

•INDEX NO. 3. 1.1.2 ^ rEP. hq. ^ 236,186 

DESCRIPTION The reusable wet/disposable dry wipe concept utilizes a wet reusable 
wipe for cleanup and a disposable dry v/ipe to soak up remaining moisture. The 
wetting unit described in concept 1 is also required for this concept. The re- 
usable wipes, however, are v/rung out in the wetting unit and reused. Three reus- 
able v;ipes are provided for a’ maximum 15 cleanups per day. The wipe is used a 
maximum of 5 times before washing. After sixty washings, the wipe is discarded 
and replaced. The reusable wipes are 10 inches square of 4 ply "wet strength" paper’. 
The disposable dry wipes are 12 inch squares of 4 ply "v/et strength" paper. One 
dry wipe per cleanup are provisioned which are disposed of by deposit into a vacuum 
drier to remove excess v/ater. The dry wipes are provided to dry damp areas left 
by the wet wipe. 
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APPLIANCE CONCEPT fiCQUIHEHEHtS AND PENALTIES CALCULATIONS 

CONCEPT "^JfPfRXSn/it-fr mSPOSA D/ZY" UJtf^SS index number,,?. LL/^ 


COKOONEHT 


(REF) 


E L'E C T 

R I C A L 

POWER 

REQUIREMENTS 




AC. POWER 


DC P 0 W E 

B 

USE^ME 

CYCLE 

PEAK 

AVERAGE 

(WATT-KB/ 

CYCLE) 

(D 

PEAK 

© 

AVERAGE 

C/)^ 

DEMANO 

(UATT-HR/ 

CYCLE) 

(HR) 

(HAHS) 

(WATTS) 

CDX(3) 

(WATTS) 

(WATTS) 

Q)X(2) 









.SAn. 

MAXIMUM 


J3,S 

TOTAL 


IliEfiiiik E iaUifiiliiHIi 


MAXIMUM 


. TOTAL 
r 


SOURCE 


LATENT 

(BTU/HR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


TO COOLWIT 
(BTU/HR) 


.MOZD^ 


^JkCL 






TOTAL 


/<s^.0ia) ms.-J,Xse.o) 

VATT (BTU/HR) HATT (BTU/HR) MATT (BTU/HR) «ATT (BTU/HR) 


OPERATIONAL PENALTIES 


SOURCE. 


HEAT LEAK 
(BTU/HR/CTCLE) 


THERMAL 


ELECTRICAL 


HEIGHT 


TO COOLANT 

(BTU/HB/CYCLE) (PR HATTS/CYCLE) (LB/HISSION) 


VOLUME 

(FT’ /MISSION) 


V‘ ^ 


TOTAL 


i.l3 

“ha^^^^lT haits/Eycie 

(OTU/HR/CyciE) (BTU/HR/CVCLE) 


.z\ 

07) 

ms/cYC 





.4 • .7 .3 

f ^-*r ■‘T 




■ 


J! 

t 


" 


• ' sOal 

Kd/HISSION HVHISSION 

(LB/HISSIOM) (FT ’/MISSION) 
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APPlIADCt CONCEPT REQUIREHEHTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEPT COtrr /n/£fOS^6Ltr pjay INDEX NUMBER / A 


Iii££ WE.lGiiT/voLij.ME i£aiti££!lL!il£ 


COMPONENT 

• gjgTvyxAg 6 >A//r 


<(REF) 


(jOf^T/DlSPa^ASUi D/ZY 

.CU.fP<f5. 0^) 


TOTAL 


WEIGHT 

(LBS) 




1^.0 (35,IZ) 


KG (LBS) 


VOLUME 

(FT») 

S-S- 


mn 


JfZ 




M 3 (FT 3 ) ■ . 


TYPE 


soLiD Expendable wt/vol REguiREHENTS 

~ © ~ ® ®, , 

^ WT/UNIT (REF) WT/CYCLE VOL/UHIT (REF) 

© (FRG.WT/UH1T)(REF) ©X® (PKG.VOL/UNn)(REF) 

«NITS/CYCLE(HEF) (LB). (LB) {FT>) 

..rP 022 


VOL/CVCLE 


mfloSF)rS(je mv ' 



TOTAL WT, 

TlssTOTT 


TOTAL VC* 
MISSION 


J£L 


CYCLLS/DAY 

2 £. 


CYCLES/DAY 


: 7 j 7 . 5 '~ 7 'ZagJ 


2® 

TOTAL tM/CYCLE 

• (LB) 




DAYS/MISSION 

20 .^ 

dAys/missioh 


TOT. WT /CYCLE 

tlB) 

TOT, VOL /CYCLE 
CFT 3 ) 


JPOIS- 


-rnt Kt i#rti ir-Vt'i C 


TOYAL VQL/CYCLE 
(FT 3 ) 


ZJ 


■KrrreT 


;p3Si 


. 0/34 

irnfTn^ 


iAS/LiflUiO EXPENDABLES REaUI,REKEHTS 


TYPE 


AHT,USEO/CYCLE(REF) 
' (LB) 


RECOVERY 

FACTOR 


© 

AHT.RECOVERFD/CYCLE 

®,i.? 


® 

AMT LOST/CYCLE 

(lbT 


fZSi,) H/A ... • 

/JJA<UCP> . ■ ■ 

^£>^S PLfJAC.T>P 

.n/? 

A//A 

A/a 

. -.*03 

(jJjm.PL CjP&ZfDPittJfPi) 

.n4-9c> 

Af/A 

Ai/A 


1 

1 

.non! /‘I 

A/a ...... 

P/A 


' 








D® .i‘Z‘) 7 Z- 


E© 


StSt • /S I __«2c?v? — " ■ /?A.4 * 

CYCLE/OAY OAYS/KllSfON TCTAl LOST/CYCLE 

(E (SSi (LB) (E ® 




KG (LI 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Equipment Cleanin g 

APPLIANCE FUNCTION Surface Wiping 

APPLIANCE CONCEPT NO. /TITLE 3/Disposable Wet/Drv Wipes (Prepackaged) 

INDEX NO. 3. 1.1. 3 REF, NO . 250 >283 

DESCRIPTION The disposable wet/dry wipes concept consists of prepackaged wet 
wipes v/hich were used on Sky lab. The wet wipes are contained within a package to 
eliminate water evaporation during storage. The dry wipes are dispensed from a 
196 count container. The v^et and dry wipes are used for cleanup and discarded. 
The Skylab size wet wipe weight and volume were ratioed (6.3) to the 10 inch 
square wipes used in Concepts 1 and 2 in order to provide a equivalent trade. 



Wipe Dispenser 
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APPLtAIiCC COHC^PT REQUIREHEHTS W<D PttiflUIES CALCUl ATlOttS 
JWi 


IIIOEX mjHDE R ■?. /- /. 


£ki£IB.i£ 4 .k POWER fikaOiREHEHTS 


- 


A C 

. POWER 


0 c 

P 0 i; E R 


1 

i 

CaMPONEMT 

^ tLM_ 

OSE^ME 
' CYCLE 
(REF) (HR) 

© 

peak 

(WATTS) 

AVERAGE 

(WATTS) 

mi 

dehAiio 

(WATT-HR/ 

CYaE) 

'•V 

© 

peak 

(WATTS) 

© 

AVERAGE 

(WATTS) 

(/) 

OUVUIO 

(WATT-IIH/ 

CYCLE) 

@X(2> 


HAXIKUH 


TOTAL HAXIHUM 


TOTAL 



T H ‘E R M A L 

RkQ.y.i5.k!i£!!.ii 




UTEHT 

SEHSIBLE 

HEAT LEAK 

TO COOLAHT 

SOURCE 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 




TOTAL : ^ 

WATT (BTU/HR) WATT (BTU/HB) WATT (BTU/HR) WAH (STU/HR) 


OPlSAliOHAL PERALIiES 


SOURCE 


HEAT LEAK 
(BTU/llR/CYCLE) 


THEW1AL 

TO COOLAHT 
{BTU/HR/CYCLE) 


ELECTRICAL 
(PK WATTS/CYCLE) 


WEIGHT 

(LG/HlSSIOIl) 


VOLUME 

(FTVhISSIOIO 


MM 


TOTAL ■ 

WAnS/CYCLE 

(UTU/HI(/CYCLE) 


WATTS/CYCLE 

(BTU/llR/CYCLE) 


KG/MISSIOII hVMISSIOH 

(LB/msSIOtt) (FTVHISSIOH) 
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_^aa£__ 


TOTAL HT/CVCLE 


(LB) 



TOTAL VOL/CVCLE 
(FTM 


TOTAL W T. . 

■'HIS’SIOTT ■ 

CYCLES/DAV 




DAYS/HISSION 


TOT.WT/CYCLE 

(LB) 


'9./ 

“to (LB) < 


total VO L ■ ^ 

mssiOH /5 X ?iO.S X 

CYCLES/OAY DAYS/HISSlOH 

( 


. 0 092 ^ 

tot.vol/cycle" 

. (FT5) 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Equipment Cleanin g 
^APPLIANCE FUNCTION Surface Wiping 

APPLIANCE CONCEPT NO. /TITLE 4/ Automatic Mop 

INDEX NO. 3. 1.1. 4 REF. NO. 236,100 

DESCRIPTION The automatic mop concept is a hand held scrubber head connected by 
coaxial flex tubing to a v/ater supply valve and an air transport system. Water 
is fed into a sponge in the scrubber head for use in cleaning equipment. A water 
pick up housing connected to the vacuum line surrounds the sponge. A water separator 
is used to collect v/ater from the cabin air. A pump unit injects water into the 
water waste management system. One new sponge is provided per v/eek. 


( 



(■ ; 
V.:, 
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APPllANCC COrtrfPT REQUlftCHCrnS AHO PtHALTIES CALCULATICHS js t t A 

ccwiCEPT 4/ /if ffFvunTfC 
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W— 

TOTAL MAXIMUM 
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( 
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REQUIREMENTS 



1 

LATENT 

SENSIOIE 

HEAT LEAK 
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'' SOURCE 
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(BTU/HR) 

(BTU/HR) 
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LOSS 
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» 


r 

*' . 

" Tnb‘lAL 

HEAT LEAK TO COOLAfJT 

ELECTRICAL 

WEIGHT 
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(PK WATTS/CYCLE) 
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•A 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) * 

CONCEPT 4-/AtM>t2mrfC. } ' INDEX N-IHBEn ,*^ A A 


£.iiia W.EiGKT/VOLUHE RI,aUiS.i!li!iIi 


COMPONENT (REF) 


NEIGliT 

(LBS) 




VOLUME 

C^3) 

L6L- 


.02- 


TOTAL 


TYPE 


•gf Q0.73) 




SOLID 


EXPENDABLE 


KG (LBS) 

EI/V 0 k 


«3 (FT 3) 


CD 

VOL/CYCLE 


RiaUiREHENTS 

© ® (D 

^ MT/UHIT (REF) WT/CYCLE VOL/UHIT (REF) 

^ (PKG.HT/UN1T)(REF) CI)X© (PKG.VOL/UNIT)(REF) ®X(H) 

UHITS/CYCLE(REF) (LB) (LB) (FT^) (PT^T 

- ? f23(.) .OOZ^a^ (2^) .&OO^Z.l ... 


TOTAL MT. . 

"HTSToir - 


TOTAL VOL 
MISSION 
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CYCLES/DAY 
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DAYS/MISSION 

2o.^ 
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* 
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TOTAL WT/CYCLE 
(LB) 

X .Sao427 

TOT. WT/CYCLE 
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X .eooo&^ 

TOT. VOL/CYCLE 
. (FT5) 


2 ® .c>no o<a3 . 

^ tWaL VOL/CYCLE 
(FT’) 
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•i 


TOTAL HT. 

nrfsTir 


GAS/kiaUiD iXPiNGABLES E.iaUiREHEHTS 

^ © © 

^ RFrnVFBV aht.recovered/cycle 

AMT.USED/CYCLE(REF) KtCQVtKY ®X(|) 

(LB) ' FACTOR (LBT 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Equipment Cleaning 


APPLIANCE FUNCTION Surface Wiping 

APPLIANCE CONCEPT NO. /TITLE 5/Reusable Cleaning Cloths/Disposable Dry Wipes 

INDEX NO. 3.K1.5 ^ REF. NO. 236,237,245,209 

DESCRIPTION The reusable cleaning cloth/disposable dry wipe concept is the same 
as Concept 2; however, terry cloth are used for cleansing cloths, "^he terry wash 
clothes are 6 inches square. The cleaning cloths are provisioned 3 oer day for a 
maximum of 5 clean up functions. The cleaning cloth is used for sixL; washings 
then is discarded and replaced. The cleaning cloth is washed and dried daily using 
a washing machine and dryer. The disposable dry wipes- are 12 inch squares of 4 ply 
“wet strength" paper. Once disposable dry wipe is. provided per clean up based on a 
maximum of 15 cleanup functions per day. The vnpes are disposed of by deposit in 
the refuse system. The concept is penalized for theusage of a wash/dryer for recycling 
the terry cloth cleaning cloths. 
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APPLIAHCE CONCEPT nEqulKEMlHTS «)D PEHALTIES CALCULATIOHS 


. tUrtLtl'l Ktljuiianiins <V<U I'LilHLUI.^ UILV.ULAI IUII3 :? / / ^ 
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i£-A k 

POWER 

REauiREMEHTS 




* 

AC . POWER 

D C 

POWER 


USE^HE 

CYCLE 

(MR) 

0 

PEAK 

(WATTS) 

0 

AVERAGE 

(WATTS) 

DEM^ID 
(WATT -HR/ 
CYCLEl 
(i)x(3) 

© 

PEAK 

(WATTS) 

© 

AVERAGE 

(WATTS) 

DEHANO 

(UATT-HR/ 

cycle) 

(3)x(t) 





1 



— 


SOURCE 


cOAr^ ^mru?s3_ 

M£2m^ 


HAXIHUH 


}3rS 

TOTAL 


IHERMAL' R'£aiLiiI.liE.!lI5. 


LATENT 

(BTU/HR) 

« 

'sc^a ■ 


SCHSIDLE 

(BTU/HR) 




MAXIMUM 


HEAT LEAK 
(BTU/IIR) 




. TOTAL 

f 


TO COOLANT 
(BTU/IIR) 


TOTAL {Q£^L 


WATT (BTU/HR) 

» 


MATT (BTO/HR) 


zm (^ ) /aSd^i,6) 

WATT (BTU/HR) WATT (DTU/IIR) 






c 


SOURCE. 






.> 


OPERATIONAL 

“ ^ -r* ^ — 

THERMAL 


PEHALTIES 


HEAT LEAK 
(BTU/HR/CYCLE) 


TOTAL 


6'3.n 

MtI s/CYC LE 
(BTU/IIR/CYCLE) 


TO COQLAl'lT electrical WEIGHT 

(BTU/IIR/CYCLE) . (PK WATTS/CVCLE) (LB/MISSION) 




.(22..U 


WAIT S/CYCLE 
(BIU/HR/CTCLE) 
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lo> . o . 








^>3 

— 

KG/MISSION 

{lb/kibsion} 


VOLUME 

(ftVmissioh) 

• 6o - 


XlUI— 

nVMissiou 

{FTVHISSiflU) 
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APPLIANCE CONCEPT REQUirtCHENIS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEPT /?/ IHOEX NUMBER 3. L K 5L 


£iil.a K£i£HI/VfiLUHE REaEiREHEHTS 


COMPONENT (REF) 

o/^/r ' fpsL) 

UJ/'Pf^/^ ^ 


WEIGHT 

(LOS) 


S^O 'L 


V0LUI€ 


,.JZf 


TOTAL 


■/S 2. (33-^0) 


KG (LBS) 


, (_'f.Z4) 


M3 (FT3) 


’■ SOLID iiPENOABLE HT/VOL REgUlREHEHTS 

© (D ® 

© WT/UHIT (REF) HT/CYCLE VOL/UHIT (REF) 

(PKG.HT/UNITHREF) ®X© (PKG.V0L/UH1T)(RZF) 

TYPE UNITS/CYCLE(REF) (LB) (LB) fPT^) 

(z3g) ,gii ' , 00 / 3 .o^4C> r^ \ ./yr>n9/ 

D2y CO/P£S._ / ik££J ITS/ S ' TTg gfl _xj2ZS . . P OJ ^ZJ^) ..,J20 f S . 


VOL/CYCLE 


TOTAL m . 
HISSIOH 


TOTAL VOL ^ 
MISSION ' 


CYCLE? 


/.‘T 

CYCLES/DAY 




DAYS/MISSIOK 

OAYS/HISSION 


TOTAL MT/CYCLE 
(LB) 

_X .O/^J 

TOT.Wt/CYCLE 

(LB) 


,£>az£L 


TOT. VOL /CYCLE 

(H3) 


^ ® 'TOT^^L^dt 

,(n3) 


z,zi 


KG (LB) 




»ozi 


(FT^ 




GAS/LifiUlO 


TYPE 


Loss pp^/fcry 


© 

AMT.USED/CYCLE(REF) 

(LB) 

; . S (Z3G) 


EXPENDABLES 

® 

RECOVERY 
FACTOR 

M/A 


AMnpt COS^D0/UU P £S) 

(TfJ 6oS5 ’7/‘9 

DiSPoS^h 




E® .&147?. 


MM-- 


REflU£REHENTS 

© 

AHT.RECOVEREO/CYCLE 

(I)X<|) 

(LbT 

M/A 


H / /k - MA 

\d/^.. Alii//. 


MAB- 


/A- 


mA 


® 

m LOST/CYCLE 

®-(|) 

■(lbT 

~XZA— 



.<^oo7f% 


S® 


Sror ■ 15 X X .i/7£lZ_ - ./^07,S + A/ / A .. ‘ 

CYCLE/DAY ^AVS/HISSIOfl TOM LOSTTcTCLE KG (LB) 

(S (30 (LB) (e © 
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SPACECRAFT_, Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Equipment Clea ning 

APPLIANCE FUNCTION Surface Wiping 

APPLIANCE CONCEPT NO. /TITLE 8/D1sposab1e Cleaning Coths/Disposable Dry Wipes 

INDEX NO. 3. 1.1. 6 REF. NO. 236,283 

DESCRIPTION The disposable cleaning cloths/disposable dry wipes concept is the 
system used on the Skylab applied to equipment cleaning. The terry cloth cleaning 
cloths- are wetted by depressing a water supply valve. The unit will provide v/arm 
water from a heated storage tank. After the cloth is used, it is squeezed using 
a manual squeezer unit. The water squeezed from the cleaning cloth is assumed to 
be recovered and routed to the water v/aste management system. Three cleaning cloths 
are provided per day for a maximum of 15 cleanup functions. The cleaning cloths 
are disposed of by deposit into a vacuum dryer to remove excess water. The dried 
cloth is then deposited into the refuse system. The disposable wipes are 12 inch 
squares of 4 ply "wet strength" paper. One'dry wipe is provided per cleanup based 
on a maximum of 15 cleanup functions per day. The used dry wipe is deposited into 
the refuse system. 
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APPLIWICC COHCCPT REqUinEMCms AflO PEilALTIES CALCUUTtOHS 


CL^7/fs/o/sfio£r}ecff z>/3{^6U/Pas 


COMPOHEtIT 


(REF) 



E 1 E C T R 1 


POWER 

REaUIREHEKTS 



• 

AC . POWER 

D C 

POWER 


USE^HE 

CYCLE 

(HR) 

© . 
PEAK 

(MATTS) 

AVERAGE 

(WATTS) 

OEJ-tAriD 

(UATT-HR/ 

CYCLE) 

(i)XQ) 

<D 

PEAK 

(WATTS) 

l4o ' 

AVERAGE 

(WATTS) 

!4-o.- 

OEHAfiO 

(WATT-HR/ 

CYCLE) 

Cpx® 

^31S. 

S7^ 


.aJX- 

1 





HAXIHUM. 


- JAA. 


TOTAL 


KAXIHUW 


_£i2ir 

. TOTAL 


1 . 


(( 


SOURCE 

Mi^-TS-TT-TPC. 


IHERMAl' R’iaitiRi!i£*i.Is 


UTEKT 

(BTU/MR) 

M.0— 


SEHSIDLE 

(BTU/HR) 




23u±- 


HEAT LEAK 
(BTU/HR) 


•7/, C> 

23U±. 


TO CCOLAHT 
(BTU/HR) 

//<5 


lOTAi 3 ry/i) zl^JjaiX 3l3Jm} 

HAH (BTU/HR) WATT (BTU/HR) HRTT (BTU/HR) WATT (BTU/HR) 


OPERATIONAL 




r 




SOURCE, 




P E H A L lii S 
ELECTRICAL 


WEIGHT 


THERMAL 

HEAT LEAK TO COOIAHT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CTCLE) (LB/HI SSIOII) 


VOLUME 

(ftVkissiom) 


TOTAL 


HAm/CYCLC 

(BTU/HR/CYCLE) 


WATTS/CYCLE 

(DTU/im/CYCLE) 
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APPLIAflCE CONCEPT REQUIREHENTS AIID PEHALTtES CALCULATIONS {CONCLUDED) 

CONCEPT etOTff:>/l>f^f^CS/\ 6 L C DJt'i' OJ/P(tS> INDEX NUHOER r_?, (,.LG_ 


Hii£lII/V 0 LUHE EiSLUiRiHilill 


WEIGHT 

COMPONENT (REF) (LOS) 

.. . 

OLomS 0!L‘ J( a , 

J>l6ftsAece: uJ/PeS_ \ 


VOLUME 

(FTS) 


M£- 


, 9. 




TYPE 


TOTAL 


/9.9 (43S \ 


*14 o 


SOLID 


EXPENDABLE 


KG (LBS) 
W I/V 0 L 


H3 (FT’ 


0107^ 

>u//pes 


UNITS/CYCLE{REF) 

* Z 




® 

WT/UHIT (REF) 
(PKG.HT/U! 11 T)(REF) 
(LB) 



TZST 




E i a E i R E H E H I s 

CD ® 

FTT/CYCLE VOL/UNIT (REF) 

CDX(D (PKG.VOL/UNIT){REF) 

(LB) (FT’) 

./092. 


(D 

VOL/CYCLE 

?F?f 

^0 /Q %Zr 

-jlOLS, ■ 


TOTAL WT. 

*HrSJlT)F‘ 


TOTAL VOL . 
MISSION ■ 


JSl 


CYCLES/OAY 

CYCLES/DAY 


TOTHiWrer 


"DAYr/MISSlOH 




TOTAL WT/CYCUE 
(LB) 


TOTAL^L/CYCLE 

(FT’) 


.. 03%. 


TOT.HT/CYCLE 

(LB) 

TOT. VOL /CYCLE 
(FT’) 




xoB ,(3, an\ 


iAS/kiEEiE 


ilEiEEABkiS 

RECOVERY 


TYPE 




® 

AHT.USEO/CYCLECREF) 

(LB) ' FACTOR 

e (23C ) ■ H//=t 


S® <.S7S 


"t 


iUB. 


uv.r I I ur ..I w ■ „ 

6(jpre7a./^S5 r/jjpSMa ti mi) ,oiS 

. .aoD li$ . .m/a-. 


TOTAL WT. 

“KTsnoFr 


Eiaa lEkEiEli 

AKT.RECOVERED/CYCLE 

®X(|) 

(LbT 

_ 


MM. 


'M. 


MjM. 


}B 

cycle/'day 


TKYVHISSIOH tOlALLOST/CYCLE *' 

(B ® (LB) (E CD 


AHT LOST/CYCLE 

- 

.<pA40 
■■ ^0£>.01J% 


S® .-.6XS. 


SO.Z f/7d>M 

KG (LB 7 ^ 
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/ 

SPACECRAFT_^ Shuttle 

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Equipment Cleani ng 


^ APPLIANCE FUNCTION S urface Wiping 

APPLIANCE CONCEPT NO. /TITLE 7/Disposable Wet Wipes/Reusables Dry Wipes 

'INDEX NO. 3. 1.1. 7 REF. NO. 286,186 

DESCRIPTION The disposable wet wipes/reusable dry wipes concept is identical to 
concept 1, hov^ever reusable dry wipes are used for equipment drying. The terry cloth 
reusable dry wipes are 15 inches x 30 inches and are used a maximum of 5 times before 
v/ashing. T wipes are washed and dryed after one day of usage and are discarded 
after 60 was ngs. The dry wipes are provisioned 3 per day for a maximum of 15 
cleanup funcLiuns. The concept is penalized for the usage of a washer/dryer for 
recycling the drying cloths. 



TTKTCPAKHS ■ 
VALVS 





up 7lvuir?c?T Vu’iT 


VJLTCT 7TA13?Cr.7 
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. ‘ AfPlIAIICC COllCtPT RtqOlWMrmS Af<0 I’ltMLTltS CAlCULAnOHS 

c>o/^gs inotx 


C&MPOIIEHT 


(REF) 


£i.i£l£i£-AL POHE.R fiiaHi£LHEHTS 

A C ^ PO « E R DC POWER 


USE^HE 

(D 


OElWlD 

0) 


CYCLE 

PEAK 

AVERAGE 

(hatt-hr/ 

CYCLE) 

PEAK 

AVERAGE 

(HR) 

(MATTS) 

(MATTS) 

(t)X(3> 

(MATTS) 

(MATTS) 


Xgg— 



— 



MAXIMUM 


/3r^ 

TOTAL 


HAXIHUI4 


— W~ 
demaho 

(HAIT-Hn/ 

CTCLEl 

d>XQ) 


. TOTAL 

» 


IfliSHik’ R’iaUiREMEtiis 


SOURCE 


jmm£^ 


LATEIIT 

{8T0/HR} 


SENSIBLE 

(BTU/HR) 




HEAT LEAR 
(BTU/HR) 




TO COOLANT 
(BTU/HR) 


TOTAL 

WATT (BTU/HR) MATT (BTU/HR) WATT (BTU/HR) ^ MATT (BTU/HR) 


/r 


SOURCE. 




0 P E R A IXOH A L 

' THERMAL 

HEAT LEAR TO COOLANT 


PENALTIES 


ELECTRICAL 


HEIGHT 


(BTU/HR, 'CYCLE) (OTU/HR/CYCLE) . (PR MATTS/CYCLE) (LB/MISSION) 








- J& S. 
.^2TL-, ....I Z ..:f . 




VOLUME 

(ftVmissioii) 

f.Cd 

ij-CrS. 


'V 


I^Z.Z /8.B 
total .X^ 


uAiis/cvac 

(UTU/HR/CYCLE) 


MAIIS/CYCIC 

(BTU/IW/CYCLE) 
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jISX 


/AT 

RC/mSStON 

(LB/WSSION) 


,09^? 

X2.Z.3X- 

H'/HISStOt« 

(FTVMISSION) 
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.WUAMCE CONCEPT REqUinCHEMTS AND PENALTIES CALCULATIONS (CONCLUDED) 

Uj/^eS IllDEX NUMBER ■?. /. /. 7 


COKPONENT 

fAJe rr/H<n Uh//T 


£i 3tl.fi ililfiill/VfikfiliE REfiUiREHENTS 
(REF) 


Ldio: 




HEIGHT 
CLDS) 




.■■OS' 


VOLUME 
(FT>) 






TOTAL 


Z7..57 (CO,3S) 


' KG (LBS) 


.SB Czass) 


H* (FT3) 


SOLID expendable HT/VOL REOUIREHEHTS 

"" (D ® 

WT/CYCLE VOL/UNIT (REF) 

®X® (PKG.VOL/UNlT)(REF) 

(LbT (FT3) 

*0/^- taojS—^.. 


HT/UHIT (REF) 
(PKG.HT/UNIT)(REF) 
(LB) 


<3) 

TYPE UN ITS/CYCLE (REF) 

(_ 

2eos/imr m/aJ/J^ . 


CD 

VOL/CYCLE 

.QQ!^ 


IQTAl WL. 

“HTSSTori 


TOTAL VOL 
MISSION 


IS 


CYCLES/DAY 

JS 


CYCLES/DAY 


DAYS/HI SSI ON 

ZOrS 

"dAys/mission 


.Oooi4S 


2® 

total ht/cycle 

(LB) 

TOT.m/CYCLE 

(LB) 

X , OOIS G08 

TOT.VDL/CYCLE 
. (FT3) 


, 0 000 ^0 3. 


E® ^onLSjko&_ 

TOTAL VOL /CYCLE 
(FT 3) 


2.// 

TTg' (lb) 




.013 

Hnrni 




t • < ■ ■' 


£AS/Liafiifi iXPEHOABLES REfiUI,REHENTS 


TYPE 


CD 

AHT.USEO/CYCLE'REF) 

(EB) 


® 

RECOVERY 

FACTOR 


REE, 

S? 


AHT.RE^VERXD/CYCLE 


(LB 


’1 


AHT LOST/CYCLE 

®'(|) 

•(lbT 

-5' 



.n4S4- 

./I /A 


. .oSsi 


.003113. 

UM. 

dM 

, OOP 7/3. 


3m<iAt.TS 

JSL 

m. 

„ 

s: i 

' f — ■ » ' 

E® - 

s.c,^ 


E® - 

S.CiS 


TOTa HT. . 
HISSIOTT 


fS X 2.0.S X SiC S 
CYCLE/DAY DAVS/HISStON TOTAL IOWcYCLE’ 

(C QJ 


1137 ^ H/a ' I 78B (/757)\ 


(LB) 




KG (LB) 
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APPLIANCE CONCEPT NO. /TITLE 8/Reusable Wet/Dry Wipes 

INDEX NO. ^ rEF, NO. 236,186 

DESCRIPTION The reusable wet/dry wipes concept is identical to concept 2; however 
reusable dry wipes are used for equipment drying. The terry cloth reusable dry v/ipes 
are used a maximum of 5 times before washing. The wipes are washed and dried after 
one day of usage and are discarded after 60 v/ashings. The dry v/ipes are provisioned 
3 per day for a maximum of 15' cleanup functions. The concept is penalized fov the 
usage of a washer/dryer for recycling the cleaning and- drying cloths. 
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APPLIAIICt CONCEPT RCQUKlEHtNrS ANO PENALTIES CALCmATIONS 

CONCEPT uXk T/pj^y uJffi<£S 


lliOE* HUKBEfl J! LI. 3 


EL’iCTRiCAL POWER BE9.0ifLL!iEtlIS 




A C 

, POWER 


D C 

POWER 


useS^he 

© 

© 

DEliuiO 

© 

© 


■ CYCLE 

PEAK 

average 

(UATT-im/ 

CYCLE) 

PEAK 

AVETtAGE 

COMPONENT 

(REF) (HR) 

(WATTS) 

(WATTS) 

©xQ) 

(WATTS) 

(WATTS) 



-5c?g— '■ 


_/3^ 

1 

h 

— 


© 

otrtAfJO 

(WA7T-Hfl/ 

CYCLEi 

®X(^ 






■ 

1 

# 

* * 


ft 


1 


HAXITTUH. 

m 1 

TOTAL 

♦ * 

IWIHUM 

' , TOTAl 


• 

• 

* 

thermal' 

- * • 

R’E Q U 1 R E H E H T S 

r 

* 

* 

* 

4 


LATENT 

SENSIBLE 

HEAT LEAK 

70 COOLANT 

V 

SOURCE 


(BTU/HR) 

* ’ 

(BTU/HR) 

(BTU/HR) 

(BTU/KR) 


MC SMLS == 


Tora (3 &Q) 

WATT (BTU/HR) 


2M 


Z78..0i6j 

WATT (BTU/HR) 


-?T^O 

nil- 


ziaxsm) 

WATT (BTU/HR) HAH (BTU/HR) 


OPEBAIiOHAL PEIiALTiES 
" “ *? *” 


1 

i: 

SOURCE, 

THERMAL 

HEAT LEAK TO COOLANT 

(DTO/HR/CYCLE) (BTU/HR/CYCLE) 

ELECTRICAL 
(PK WAHS/CYCLE) 

WEIGHT 

(LB/MlSStON) 

VOLUME 

(ftVmission) 


^70.^ • 



Z2.3: 


/.'is 


SjLo ' 



Z/^.o 






1 

t 

■ 



♦ 

* 

total 

TIATTS/CYClt 

(BTU/IIR/CYCLE) 

is-s: 

WVTIS/CYCLE 

(DTU/HR/CYCLE) 

Xo. M 

/i,8^ ' 

J2A.ZIX- 

Kh/MISSIOH 

(LB/HTSStON) 

4^42_ 

h»/hissi6n 

(FTVHISSION) 
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msmS/es 


APPLIANCE CONCEPT REQUIREMFNTS AND PENALTIES CALCULATIONS (CONCLUDED) 
'JdJST/O^y' " INDEX liUMDER 3. K . 


COKPUiTENT 


£iii£ WEIGH T/VOLOHE S£a!iiRl!ii!ils 

WEIGHT 

(REF) (LDS) 

__ 


KG (LBS) 


JO' 

(FTM 


SOLID EXPENDABLE 


UN ITS/CYCLE (REF) 


EWDABLE HI/VOL REaUiREHi!ilS 
© (3) ® 

MT/UHIT (REF) MT/CYCLE VOL/UNIT (REF) 

(PKG.WT/UNIT)(REF) CDX<D (PKG. VOL/UNIT) (REF) 

(LB) (LbT (FTM 


© 

VOL/CYCLE 


TOTAL WT. 
' MISSION 


TOTAL VOL 

Mission 


CfCLES/DAY 


CVCLES/OAY 


X 20* 5 

DAYS/HISSIOH 


X ^ 0 ‘ 5 

OAVS/MISSION 


TOTAL HT/CYCLE 

(lb) 

X ,CDOOf2.‘r * 

tot.hT/cycle 

(LB) 

X ,coo/o 25 " 

tot.volTcycle 
. (FT3) 


TOTAL VOL/CYCU 
(FT 3) 


^nF-j-rj-V- 


iA^kiaDlD expendables REaUlREHEHTS 

® ® 

RFrfiVFOV aht.recovereo/cycl 

AHT.USED/CYaE(R£F) KtCOVEKY 


© ® 
AHT.RECOVEREO/CYCLE AHT LOST/CYCLE 

(3)X(|) (3)-(l) 

(L^ ^LBT 




Yt ® 51 C>3 


X X^ 56,8 - J/A ■ I l^ZjOjm 

CYCLE/DAT TSfS/KISSION TOTAL LOSTTofcLE KG (SI 

• • (t (3» (LB) (E CD 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Equipment Cleanin g 


APPLIANCE FUNCTION Surface Wiping 

APPLIANCE CONCEPT NO. /TITLE 9/Reusable Cleaning CIpths/Dry Wipes 

INDEX NO. 3. 1.1. 9 REF. HO. 236.237,245 

DESCRIPTION The reusable cleaning cloths/dry wipes concept is identical to concept 
5; however, reusable dry wipes are used for equipment drying. The terry cloth reusable 
dry wipes are used a maximum of 5 times before washing. The wipes are washed and 
dried »fter one day of usage and are discarded after 60 washings. The dry wipes are 
provisioned 3 per day for a maximum of 15 cleanup functions. The concept is penalized 
for the usage of a washer/dryer for recycling the cleaning and drying cloths. 




. B2-342 





D2.-II856I-3 


(C 




APPLIANCE COHCtPT nEQumCHtItTS AflO PEHALTUS CALCULATIOIIS n j / a 

coucEPT ^ jP^cvsn&L <r dam Nt a/ci cLoTfis/ pjsy' ihdcx wuiitiEn 


Ek'££.L£l£ik P,a«k6. Eka!<iILl!iL!iIs 


useI?; 


AC . POWER 


DC POWER 


IHE 


COHPOHEIIT 


(REF) 


CYCLE 

(ttn) 


SOURCE 




/: 


SOURCE. 






f 


CD ® 

PEAK AVERAGE 

(watts) (WATTS) 


DET^ID 

(WATT-lin/ 

cYae) 

CDxQ) 


(D 

PEAK 

(WATTS) 


AVERAGE 

(WATTS) 


W. 


demand 

(WATT- UR/ 
CYCLE) 

©X® 




MAXIMUM 


/ 3 .S- 


TOTAL 


MAXIMUM 


, TOTAL 

I 


IiiI.!iEik‘ S.£fi4Li£L!ik!!.Is 


lATEHT 

(BTU/HR) 


SEHSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 




O- 






TOTAL 


WATT (BTU/HR) 


toS^io) 

WATT (BTU/HR) WATT (BTU/HR) WATT '(BTU/HR) 


OP.kBiliP.tlAk kkHALTiES 


HEAT LEAK 
(DTU/HR/CYCLE) 


THERMAL 


ELECTRICAL 


TO COOLANT 
(BTU/HR/CYCLE) . (PK WATTS/CYCLE) 


HEIGHT 

(LB/mSSIOH) 


• VOLUME 
(FTVMISSIOH) 




1 . 






45:9 


8SA. 


n JOA 




/at . 6 zs.o 

total /CtBLaX- J^sAl ^la 

HATTS/CYCLL WATIS/CYCLE 


/ D(a 


HATIS/CYCl 

(BTU/HR/CYCLE) (DIU/IIR/CYCLE) 


KG/mSOlON 

(Ltl/KISSION) 


,/^7 

H'/mssioN 

(nVMissioN) 
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APPLIAriC£ COtICEPT REQUiRCMCNTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEPT <^/^P.U&/}f^teQ.U? y)S)/AJCf &C£> 7 //S/£)/ 2 .^ CJ/ 7 >S 5 HUHPER 


EiiiilI/iik!!.!lE EEflUiS.k!iiN.Is 


COMPONENT (REF) 

• M(Frr/M< 7 , uw r ’ C^st,) 
co 7 r//<, 

r^Eusmts 


WEIGHT 

(LBS) 

Z 8 A 3 

* 4 o. 

tO^ 


VOLUME 

(FT 3 ) 

3 ,^ 

, za. 

..(P.Z 


TOTAL 


/3./Z (2S.^3) 

. ' KG (LBS) 


jas C3.SO) 

KMFT 3 ) 


SOLID £XPE.ilDABLE H I/VOL EiaOiREHEMTS 


(I) 

TYPE UNITS/CYCLE(REF) 

<2d£>m ,n/f'^7(23C) 
N2</ UJ/P£S 

* 


® 

HT/UNIT (REF) 
(PKG.UT/UNITHREF) 
(LB) 

_.ooiy. 

• - 7 fx>m — 


WT/CYCLE 

.DO!^ 




VOL/UNIT (REF) VOL/CYCLE 

(PKG.VOL/UHIT)(REF) ®X® 

(FT?) ffTSy 

. OS4C (Z)%} . £>003 / 

.d> 000 & 0 & 


TOTAL V[L. 
"HTSs'Ioh 


iSl 


CYCLES/DAY 


TOTAL VOL 
MISSION ■ 




CYCLES/DAY 


TOTAL WT/CYCLE 
(LB) 


DAYS/MiSSiON 


TOT. WT/CYCLE 
(LB) 


DAYS/^SISSIO^^ 

i 



TOTAL VOL/CYCLE 
(FT 3 ) 


T 20 Z ? 7 ?? 3 n 

kgIlbP 

,008^ Cz^^) I 

iFlFTT^ — — 


• G AS/Li 2 UiD i X PEN OAikii B. k 


TYPE 

ajETiETe 

fjJPSA/E^ aJEhTET^i 

Loss 


AHT.USED/CYCLE(REF) 

(LB) 






© 

RECOVERY 

FACTOR 

/ , M/A . 


0 . y. I E. k H £ ?L I s 

AHT. RECOVERED/CYCLE 

. 

‘ ■■ Li /A ■ - 


AMT LOST /CYCLE 

-(lbT 






T 0 TAL_H 1 L 

HlTSfON 


E® 



/7L0.4- * hJ/A " 

(LB) CC ® 







02-U8561-3 


SPACi:CRAFT__^, Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION_Equipment .Cleaning 

APPLIANCE FUNCTION. Surfac e Wiping 

APPLIANCE CONCEPT NO. /THL E 10/Disposable Cleaning Cloths/Reusable Drv Wipes 

■INDEX NO. 3.1.1.10 REF. NO. 236,283 

DESCRIPTION The disposable cleaning cloths/reusable dry wipes concept is identical 
to concept 6; however reusable dry wipes are used for equipment cleaning. The terry 
cloth reusable dry wipes are used a maximum of 5 times before v/ashing. The wipes 
are washed and dried after one day of usage and are discarded after 60 washings. 

The dry wipes are provisioned" 3 per day for a maximum of 15 cleanup functions. The 
concept is penalized for the usage of a washer/dryer for recycling the drying cloths. 
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AmiAHCC COXCCPT RiquinUinilS ATiU rUIALTICS CAlCULATlOtlS 


COflCCPTj 


IIIOLX (lUHBER ■»?. ///D 


COlPOIlEItT (REF) 

(28.^ ) 


£kE.£IHi£AL POWER REflUiREHEHTS 


UStS^tC 

CYCLE 

(HR) 


^^225: 

..£2225: 


AC . POWER 




DKfWo 

PEAK 

AVERAGE 

(UAIT-HR/ 

CYCLE) 

(WATTS) 

(WATTS) 

(t)X@ 


szs- 

. Z./51 


DC POWER 


(D 


DEKA"0 

PEAK 

AVERAGE 

(WATT'HR/ 

CYCLE) 

(WATTS) 

(WATTS) 

CDX0 


' /^g .. 





S'7P. 

MAXIMUM. 




/4o . ■■ ^ SZZC 

TOTAL MAXIMUM . ’ . TOTAL 


* SOURCE 


THERMAL 

REQUlREMEflTS 



LATENT 

SENSIBLE 

HEAT LEAK 

TO COOLAHT 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 


pjm'eTe.. 



lop TEP Pjjr/?P^ ... _ 


//^ • „ — - 
, - — 


^ Jla. 

"T./.r ^ ZZL- 

= 




TOTAL 



WATT (BTU/HR) 


esM/aiJi 

WATT (BTU/HR) 


32..^{UO) 

WATT (BTU/HR) 





SOURCE. 


OPERA! i'b HAL PEHALIXiS 

» .* — — *— 

. ' THERI4AL 

HEAT LEAK TO COOLAHT 

(BTU/llR/CYCLE) (BTU/HR/CYCLE) , 


ELECTRICAL 
(PK KATTS/CYCLE) 



WEIGHT 

(LB/MISSIOH) 


- VOLUME 

(ftVhissioh) 





2.Z 

Z7.7 


J^Sb. 

■ 7.4o 





TOTAL 


/42. 2 

WATTS/CYCIE 

(BTU/llR/CYCLE) 


/S,3 



(OTU/IIR/CYCLE) 


±3.Z 


//.? 

(LB/K1SSIP.H) 


.093 

M‘/mssfoH 

(nVHissim) 
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APPLIANCE CONCEPT nCQUIREKENTS AND PENALTIES CALCULATIONS (COIiaUDCD) 

index 


iiii£ilI/VOLUHE REgUIREHEHTS 


WEIGHT 
(LBS) 


COMPONENT (REF) 

atoT ^ 


(>. 77 _ 


VOLUME 

(FT>) 

AJSL 






TOTAL 


n?S tC39.^ 


KG (LBS) 




H’ (FT3) 


SOLID expendable HT/VOL REaUiREMEHIi 

© (D ^ © 

© HT/UNIT (REF) WT/CYCLE VOL/UHIT (REF) VOL/CVCLE 

(PKG,HT/UNIT)(REF) (t)X© (PKG.VOL/UN!T)(REF) ©X® 

OHITS/CYCLE{REF) (LB) (LB) (FT>) Tn’T 

,Z ' ,.077J^/ ./Q‘?Z. 

^Z^Aip-7>&y . 7/^/6 ) ^oQca& o B 

, 


TYPE 


TOTAL WT. 

^mmr 


TOTAL VOL 
HISSION 




CYCLES/DAY 

JSL 


S© 

TOTAL WT/CYCLE 
(LB) 




OAYS/mSSlOH 


TOT, WT/CYCLE 
(LB) 


X _ 2.0f S X o/o ^f^ o& 

“CYCLESTdBT oays/hission tot.vol/cycIe 

• . (FT3) 


TOTAL VOL /CYCLE 
(FTi) 


3.0^ 


KG (lb) 

I (3Z 

: (ftL) ' 




OAS/LiaOIO EX.PEHDA6LES REaUiREMENTS 

© _®. 


TYPE 


© 

AHT.USED/CYCLE(REF) 

(LB) 


RECOVERY AHT.RECOTER|)/CYCLE 

' pT 


FACTOR 


(LP 


® 

AMT LOST/CYCLE 

®-<3) 

'(lbT 






. * 



ZjySS PP^A/ALT^/ 

/T, / 

nJxl 

/X/A 


euArpp^ Los^f/jLPAAjm 

.rlPS 


^ 6i/A . 

..02S 

Cejyrp\ ' ' 

- 1- 

E® _ 

5:425- 

- 

i:© . 

.C42S- 




total ht. 
HITsICn 


CYCLE/DAF 


. ^ 2^4 ■'« , S.C,ZS ■ / 7237 . U/A • 1 73f.(.(nzi>n)_ 

nSSTYS/HlSSlON TOTAL LOST /CYCLE ^ KG (LB) 

(I CjS (LB) (e © 
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SPACL'CRArr . Shuttle 

HABITABILITY SUBSYSTEM Housekeeping ^HABITABILITY rUNCTIOH Equipment Cleaning 


APPLIANCE FUNCTION Surface Wiping 

-4 - — ■ ■ ■ ■ I — — 

APPLIANCE CONCEPT NO. /TITLE II /Sponges/Enclosed Wetting Unit 

•INDEX NO. 3.1.1.II REF. HQ. 236,170 

DESCBIPTION The sponges/enclosed wetting unit concept uses the wetting unit de- 
scribed by concept 1. The sponges are compressed and are used for pickup of spills 
of any type and general cleanup. The sponges are made of cellulose material which 
expands to approximately 15 times its compressed 'volume when soaking up liquid. A 
single compressed sponge is 5 inches long by 1..6 inches wide by .25 inches depth. 
The sponge volume is 2.0 cubic inches and weighs 18 grams. The wetting unit is 
used for wetting/wringing the sponges during cleanup. The sponges are used for 
cleanup and drying. Five sponges per day are provisioned for a maximum of 15 
cleanup and drying functions. Each sponges is used 3 times and discarded into the 
refuse system. 
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, ■ APPLIAHCC CONCtPT REquintMKilS AftD PtHAUItS CALCuUtIOHS si / h 

CONCEP T ll/SP<r>A/Ci ifS/^A/Ct iXSirD UJt rr/AAi OA//r I«»EX HUl'IBER ^4 . 4 .j iI . 



E L E C T R I C.A L 

POWiE EEaaiEi'iiEls 
AC. POWER oc 

POWER 

USE^HE (?) 

CYCLE PEAK 

COMPONENT (REF) (HR) (WATTS) 

fjj/rrr/A/rn /w/r(p^,\ 

(3) 

AVERAGE 

(WATTS) 

OEI^O 

(MAIT-HR/ 

CYCLE! 

Q)x@ 

-M-S' 

© 

PEAi: 

(WATTS) 

© 

AVERAGE 

(MATTS) 





\ 










‘ 








4 

* 




; 




* 












\ 

S^clI 




% 

• 


• ^ MAXIMUM. 

, 

TOTAL 

MAXIMUM 

€ 


DEtiAriO 

(HATT-HIl/ 

CYCLE) 

®X@ 


, TOTAL 


iiaUiEEii£“Is 


(( 


SOURCE 




LATENT 

(BTU/HR) 


SENSIBLE 

(BTU/HR) 


9 ^S 


HEAT LEAK 
(BTU/HP.) 




TO COOLANT 
(BTU/HR) 


TOTAL 


(^& q) 

HATT (BTU/HR) 


MATT (BTU/HR) 


Z7ff /a£.4(S^ 

WATT (DTU/HR) WATT '(BTU/HR) 


i 


SOURCE. 


■M./4— 


HEAT LEAK COOLAfIT ^^ECTRICAL HEIGHT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK HATTS/CYCLE) (LB/HISSION) 


VOLUME 

(ftVhission) 


\ 

'4 


'k 


TOTAL 


HATTS/CYCLE 

(UTU/IIR/CYCLC) 


HATl S/CYCLE 
(BTU/IIH/CYCLE) 


Kfi/HISSION 

(LB/KISSIOH) 


HVH15SI0N 

(nvmsstoN) 
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APPLIWICE CONCEPT REQUIREMENTS WiD PENALTIES CALCULATIONS (CONCLUDED) 

COHCEPT //^/fci//f5 &S/e:A/ CLeiSe:D U/€777Ajli^ ‘ INDEX NUMBER 3, A/. //_ 


VOLUME 

CFT>) 

'(BB) 4.0^^ dZ. 


iii££ HiiiEI/ifikNME E£aUi££!i£!ili 


COMPONENT 

u)err/m 


/j/y/r 


(REF) 


WEIGHT 

(LBS) 

2BA3. 


TOTAL 


l4%l(o (SZ.S€) 


TYPE 

sPoM&.es 


iOLIO expendable 

© 

WT/UNIT (REF) 
(PKG.HT/UNItHREF) 
(LB) 


KG (LBS) 

itl/vo L 


JOZ (3dZ) 

(FT\) 


© 

UN ITS/CYCLE (REF) 


REqUiREHENTS 

© © © 

WT/CYCLE VOl./UNIT (REF) VOL/CYCLE 

©X® (PKG.VOL/UNIT)(REF) ®X© 

(LbT (FT3) TfT’T 

. a?97 Q yol (rro) 


TOTAl WLi. 


TOTAL VOL 
H1SSI0« 




CYCLES/OAY 


"CYOWDAY 




DAYS/HISSION 


-4a.si_ 

TayS/mission 


TOTAL WT/CYCLf^ 
(LB) 

X ,01 ,^2,! • 

TOT.WT/CYCLE 

(LB) 

TOT. VOL/CYCLE 
■ (FT3) 


-rcposss . 

TOTAL VOL/CYCIE 
(FTl) 


kgIlbT’^^^^ — ^ 


,0033 
■ irwr 


TYPE 


M'^PaSPL) 


ifi-S/kiaUiD expendables REqUlREHENTS 

© 

RECOVERY 

FACTOR '^(LB 

..MM 


© 

AHT.USED/CYCLE(REF) 

(LB) 

eSu 






© 

AHT.RECOVEREO/CYCLE 

Qx(|) 


MM- 


AHT LOST /CYCLE 

©-(3) 

im 

. 5L. 


. 0033 . 


'i 


2® .^^033. 


£® 


-mmir ■ ^ x ■ . !3C>,d + H/S 

cycle/dAV OAYS/HissioN TotalTost7cycTJ 

(s (211 (LB) (r © 


-Jtx 


S>8S_ 


70.9(?^-?4 

kcTXb) 
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SPACECRAFT Shuttle 

HABITABILITY f^imSVSTEM Housekeeping H ABITABILITY FUNCTION Jquipment Cleaning 

APPLIANCE FilNCTION Surface Wiping , - — 

APPLIANCE CONCEPT NO. /TITLE 1 2/Sponges/Sky1 ab Wetting Unit 

•INDEX NO. 3.1.K12 REF. NO. 236,170 

DESCRIPTION The sponges/Skylab wetting unit concept is identical to concept 11; 
however the Skylab wetting unit is used for sponge wetting/rinsing. 
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APPLIANCE CONCEPT REQUlnEHUUS AND PENALTIES CALCULATIONS . 

CONCEPT ^U67T//jei L/A//r HUHBER_ J,y^ /f / g . 




ELECTRICAL 

POWER 

£Ea!iiRL!il.!iI£ 







AC. POWER 


DC POWER 


COMPONENT 

(REF) 

USE ^ HE 
CYCLE 
(HR) 

PEAK 

(WATTS) 

(3) 

AVERAGE 

(WATTS) 

DEI^ID 

(HATT-KR/ 

CYCLEl 

©xCl) 

© 

PEAK 

(WATTS) 

AVERAGE 

(WATTS) 

(J) 

OEMANO 

(HATT-HR/ 

CYCLE) 

CDx(Z) 





- — 

— 




(/jnmrc£fji2i£. 


.S2S- 













HAX1HUJ1 ‘ 

TOTAL 

MAXIMUM 


TOTAL 

■ ^ 

. . 



r 

r 



THERMAL 

!• ■ * 

REQUIREMENTS 

• 

♦ 

‘ 

LATEHT 

SEHS10LE 

HEAT LEAK 

TO COOLANT 

V SOURCE 

(BTU/HR) " 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 


f/D 


■ 

U:LO 



~7 h Co. 

-71-C, 



\ 



• — 



\ 


‘ TOTAL 3Z3(!Ia ) 
MATT (BTU/HR) 



HATT (BTU/HR) 


WATT (BTU/HR) 


% 




SOURCE 

■nM - 


0£I£Ali0!i4k P£iiikIiS.i 


THERMAL 

HEAT LEAK TO COOLANT 

(BTU/HR/CYCLE) (BTU/IIR/CYCLE) 


electrical 

(PK UATTS/CYCLE) 


HEIGHT 

ILB/HISSIOH) 


323.Cim). 

HATT (BTU/HR) 


VOLUME 

(FT’/mSSIOlO 



TOTAL 

VATTS/CYCLE HATTS/CYCLE KG/HISSIOH H'/KISSIOII • 

(BTU/IIH/CYCLE) (OIU/IIR/CYCLE) . (LB/HISSION) (FT VKISSION) 
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APPLIANCE CONCEPT nCQUIREMEHTS Ar<D PENALTIES CALCULATIONS (CONCLUDED) 

INDEX HUHCEB /, /, /Z. 


£.i*££ Hliilil/iOLUHE REfiOiREHEHIS 

WEIGHT 

COMPONENT (REF) (LBS) 

^:Ster<g/n-5.. (J.70J 


VOLUME 

(FT») 

US... 


.12. 


TYPE 


TOTAL H T. , 
"Mission 


TOTAL VO I. . 
MISSION ' 


TOTAL 


C3CM) 


SOLID EXPENDABLE 

© HT/UNIT (REF) 

(PKG.UT/UHIT)(REF) 
UH ITS/CYCLE (REF) (LB) 


KG (LBS) 
H T/V 0 L 


(i.zf) 


H3 (FT») 


^.133 J233lCl2^ 




CYCLES/DAY 

-4S— 

CYCLES/DAY 


E i a y. 1 R E H E H T S 

@ ® 

HT/CYCLE VOL/UNIT (REF) 

®X(D (PK6.V0L/UNn){REF) 

(LbT (FTi) 


VOL/CYCLE 


lOL/CYCLE 

< b ;.? 


DAYS/HISSlOrt 


20.S 

OAYS/MISSIOR 



y.<$) . o/32f . 

TOTAL VfT/CYCLE 
(LB) 


(FTM 


x . 0/3Z. / 

i 


TOT.viT/CYCLE 

(LB) 

KG (L8) 


TOT. VOL/CYCLE 

*ocx^3 

^^fFTTy'^ 



. (FT3) 


TYPE 


i£.5/kifiyi& i3LPi!i£A£LES S.£ayiR.LHEHis 

RECOVERY 

FACTOR '^(LB' 

6/^ 67/S 


AHT,OSED/CYCLE(REF) 

(LB) 

‘.S' 


CC?SSC5SP66$e._ 

2?liSlS££.jL 




d) 

AHT.RECOVEREO/CYCLE 


67/A 


® 

WT LOST/CYCLE 

®< cb 4 

U>0&3-.. 


E® ...SO B 3. 




E® *.S7?QS-^ 


Stmt- IS x ^ zg.S" \ ^ A(/A ' I ^S-&3) 

EyCTeTMY “'bAYS/MISSION TOTAL ifiST^eiF KG (LB) " 

(E QJ (LB) (e ® 
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HABITA3ILITY SUBSYSTEM 3.0 Housekeeping 


HABITABILITY FUNCTION 3.2 Refuse Management 


APPLIANCE FUNCTION 3.2.1 Manual Collection 


NUMBER OF CONCEPTS CONSIDERED 


ASSUMPTIONS 

1. The manual collection of refuse utilizes crev/man collection of refuse. The 
collection devices considered were bags and stationary containers. 

2. The refuse mix used for the compressible/noncompressible refuse is summarized 
on the next page. The refuse mix was based on reference 203. 

3. The total compressible and uncompressible refuse volume was divided by the 
volumetric capacity of the collection devices to obtain the total number of devices 
required for the missions. 

4. ‘The study assumed no compaction for the compre-:;sible trash collection devices. 
Reference material stated that 20 percent compressible was possible by manual 
compaction by the crewman. However, the conservative approach was taken by 
assuming no trash compaction because of the variety of collection devices presented 
the 20 percent might not always apply. 

5. The weights and volumes of the refuse from all sources are summarized in 
Table. C2-6. 
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TABLE B2~6 


DISPOSAL 


/ 

SPACE 

STATION 

(LBS) 

SHUTTLE 

(LBS) 

SPACE 

STATION 

(FT3) 

SHUTTLE 

(FT3) 

COMPRESSIBLE 
fiealth & Safety 

11.10 

1.296 

11.59 

,372 

Crew Quarters 
Food/Dri nk 

' 120.62 

115.4 

128.7 

2.39 

566.2 

32.93 

13.08 

.993 

Crew Hygiene 

171.32 

107.58 

129.36 

2.48 

ECS 

0 

0 

0 

0 

RCS 

0 

0 

0 

0 

Power 

0 

0 

0 

0 

Structural Maintenance 

21.15 

.236 

.281 

.030 

Communications 

0 

0 

0 

0 

Data Collection 

.25 

0 

.006 

0 

COMPRESSIBLE REFUSE TOTAL 

890.64 ' 

257.44 

283.02 

6.265 

NONCOMPRESS I BLE 

Health & Safety 

0 

0 

0 

0 

Crew Quarters 

0 

0 

0 

0 

Food/Drink 

0 

0 

0 

0 

Crew Hygiene 

0 

0 

0 

0 

ECS 

0 

0 

0 

0 

RCS 

0 

0 

0 

0 

Power 

0 

0 

0 

0 

Structural Maintenance 

0 . 

0 

0 

0 

Communications 

0 

0 

0 

0 

NONCOMPRESSIBLE REFUSE TOTAL 

0 

0 

0 

0 

COMPRESSIBLE 

Health & Safety 

144.0 

10.80 

5.14 

.386 

Crew Quarters 

0 

0 

0 

0 

Food/Drink 

3975.56 

314.12 

158.37, 

12.237 

Crew Hygiene 

61.42 

2.67 

3.64 

.095 

ECS 

36.98 

6.95 

.57 

.43 

RCS 

1.75 

0 

.04 

0 

Power 

0 

0 

0 

0 

Structural Maintenance 

0 

0 

0 

0 

Conmuni cati ons 

0 

0 

0 

0 

COMPRESSIBLE REFUSE TOTAL 

4219.71 

334.54 

167.76 

13.15 

NONCOMPRESSIBLE 

Health & Safety 

0 

0 

0 

0 

Crew Quarters 

0 

0 

0 

0 

Food/Drink 

0 

0 

0 

0 

Crew Hygiene 

11.38 

.39 

.72 

;002 

ECS 

26.17 

0 

.14 

0 ■ 

RCS 

207.03 

0 

13.43 

0 

Pov/er 

55.16 

0 

,730 

0 

Structural Maintenance 

51.25 

0 

.206 

0 

Communi cati ons 

96.998 

0 

1.82 

0 

Data Collection 

8.31 

0 

.078 

0 

^NONCOMPRESSIBLE 

456.30 

.39 

17.12' 

.002 
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appliance concept function HaTRIX 



INDEX HQ. 3.2.1 

manual 

REfUSf 

collection [SHUTTlEi 
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o 


concept OSA6E 

consumables and flow 

REQUtREHENTS 

TUERHiL 

reQhts 

elec WwR ReOhTS 

WT/VOL 

REOhTS 

OEVelOPKEKT 

Resupply 

o 

NOt TINE 










COST 


O 

USES/OAT 

AH7. 
TYPE USED 

PLOW _ 

PRESS TEMP 

coolant 

HT leak; 

PK PWR 
AC 

AVC PWR 
AC 

Weight 

VOLUKe 

avail 

index 

weight 

O 

o 

HRS/USE 

«•! ^KG/USE-r 
tLB/USE] 

• 

t«l 

-nhhg- -deg c- 

_tPSlG) CDEG _FX 

-WaTTS* -NATTS- 
tQTU^HRl rBTU/HRI 

DC 

. _ -waTts- 

DC 

•'WATTS- 

-«c- 
_ (lBs) 

-CU K- 
ICU FT)^ 

1 ••) 

[ •«« ] 

-KG- 

tLBS) 

o 



«»#«•»« 











O 


t .□□□ 

. 



. . 0. . 

.. 0* 

.0 

_ lO 


.09 

1 _ 

D 

.0 


o 

*□00 




{ 0. ) 

t J 

*0 

• 0 1 

i H. A) 

1 3.05) 



C 

o 

o 

2 .000 
*000 




K. 

1 . _ 

Of 

J . O' I, 

-□ 

• 0 

• 0 

__ *0 t 

10*3“ 
.. 22*8) 

1 9’ 
_6.B3) 

I 

D 

• 0 

f .01 

O 


3 *000 




Dt _ _ 

D* 

.0 

>0 

^,7.3 

.07 

1 

D 

• 0 


o 

• OOQ 




r □*) 

( 0>1 

iO 

*0 t 

lAtl 1 

t 2.391 



( >0) 


0 
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appliance 
concept 















■— ^ i 


NO« 


CONCEPT 


N A H E 


(*) 


t " disposable trash bag 

.a reusable waste RECEPTICLES 

3 « disposable waste RECEPTiCtcS 







1 - CAOIM AIR 

(CIRCULATED), LITERS/SEC 

2 - CABIN AIR 

(LOST) 

, KG/HR 

3 - OXYGEN 

(LOST) 

, KG/HR 

A - COOLING WATER 

(CIRCULATED), KG/HR 

5 - WATER 

(LOST) 

, KG/HR 

6 - NITROGEN 

(CIRCULATED), KG/HR 

7 - NITROGEN 

(USED) 

, KG/HR 

8 - FREON 

(CIRCULATED), KG/HR 

9 - WATER 

(PROCESSED) , KG/HR 



(***)COST 


(LB/HR) 

(lb/hr) 

(LB/HR) 

(LB/HR) 

{LB/HR) 

(LB/HR) 

(LB/HR) 

(LB/HR) 


(1) AVAILABLE 

(2) STATE OF THE ART 

(3) SOME DEVELOPMENT REQUIRED 

(4) EXTENSIVE DEV. REQUIRED 


INDICATOR 

0-25? 

25-50? 

50-75? 

75-100? 
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appliance 

^.CONCEPT 

NO. concept name 

_ oi'sposablE trash Bag 

reusable *ASTE HECEPTICuES 

i - disposable flASTE RECEPTICLeS 





CONCEPT NUMBER 

Manual Refuse Collection (Shuttle) 
Concept Trade 


B2-357 

k. 





NUMBER OF DAYS ■ 20,5 , YEAR 5 I 

USES MOO subroutine 0 

thermal penalty - direct to coolant IUB/bTUHI .0250 

__THERMAL_PENAUTY-.«»- CABIN-HEAT-LEAK iLB/BTfjal *0 550 

POWER penalty tLBS/WATT) TYPE 1 '.SSoO 


S.E^E CT IPN ^*AT H1 X » « ■ » « Ha^ U a'- RE TUrf C O^I-E CTION (SHUTtLeI 

I12/15/7R) 


min Max concept 

ERCTOH VALUE ^VALUEJ P.IS 1 2 3 '—1 

O WBIGHT IH. 6 OO 22.000 IS i,39 ,00 0,39 

VOLUME 2.3900 6.0300 10 5*53 *C0 ^*50 

TOTAL PT..„. 00000 25.000 25_l6.93 .00_,ID.90 

O 

R<UJ.N® IQOOQO IDO.QO J.OQ 0i*_72 *O0 i3.*.5B 


t 
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX 


APPLIANCE FUNCTION: 3, 2.1- REFUSE/MANUAL COLLECTION 
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SPACCCP'ArT . Shuttle 

HABITAIIILITY SUBSYSTLH Housekeeping HAlilTARILITY FUNCTION Refuse Management 


APPLIANCK FIKICTIOW M anual Collection 

APPLIANCE CONCEPT NO. /TITLE VWaste/Trash Bags 

INDEX NO. 3. 2. 1.1 NO. 283,203,170,297 

DESCRIPTION The waste/trash bags concept employs trash bags and disposable bags 
for refuse collection. This concept uses the bag concept used on Skylab. The trash 
containers are mounted on the back side of collector doors. The collector areas 
are located in the food management, personal hygiene, and other areas where signi- 
ficant amount of bulk refuse is generated. The study assumed 15 collectors for 
Space Station and 3 collectors for Shuttle, trash entry into the bag is through the 
front of the collection door through a slit in the bag. The refuse collection was 
based on its uncompressed volume. Disposable bags were applied for uncompress! ble 
trash. The disposable bags are held during use by snaps located at various locations 
throughout the vehicle. Both types of bags' have bag closure devices to seal the bag 
after filling. 
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APPLIAKCt CONCtPT REQUIRtUlHlS AND PENALTIES CALCUlATlDMS 
CONCEPT ! Sa&S 




CWIPOHEHT 


£k££Iii£A. k PfiM£i E££5iJ.iii!l£!tIi 

J AC . POWER 

USE^HE ® ® OEI^JO ® 

CYCLE PEAK AVERAGE ^CYCLEl”^ 

(HR) (WATTS) (WATTS) ®XQ) (WATTS) 


0 C P 0 W E R 


PEAK AVERAGE 

(WATTS) (WATTS) 


’0) 
DEtWiO 
(WATT-HR/ • 
CYCLE) 

(i)x<2) 


HAXXHUH 


HAXIHUH 


lUEEHEk R £££ IE£ME H T s 


(BTU/HR) 


SENSIBLE 

(BTU/HR) 


MEAT LEAK 
(BTU/HR) 


TO coolant 
(BTU/HR) 


MATT (BTU/HR) 


WATT (BTU IR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


OPERATIONAL PENALTIES 


HEAT LEAK jO cQQLAflT ELs-fTRlCAL WEIGHT VOLUME 

(BTU/KR/CYCLE) (BTU/HR/CYCLE) (PK WAifS/CYCLE) (LB/HISSION) (FT’/MISSION) 


uatts/cTcle watts/cycle;' 

(btu/hr/cycie) (btu/hr/cyclE) 


KG/HISSION HVHISSION 

(LB/HISSIOH) (FT '/MISSION) 


B2-362 


D2-II856I-3 


APPLIAHCE concept REQUIREHEMTS and penalties calculations (CONCLUDED) 

CONCEP T ! /coast j NUHDER 


£iii£ REgUlREHEHTS 


COMPONENT (REF) 

njQi LCCJTfOM £>^/Cr: ' f2&j ) 


UEIGHT 

(LBS) 

3/0. 


5,.U. 


J2i5^!2^i£L^L£L.jBM±. 


AJ- 


volume 

(FT 3) 

P.7Z 


ZjK 


TOTAL 


C.CC^S (H.l) 


,o8C, (3 AS) 


KG (LBS) 


H3 (FT3) 


SOLID EXPENDABLE EI/VOL REftUiREHENTS 

. d) ® ®, . 

WT/UHIT (REF) HT/e££tfI«W VOL/UNIT (REF) 

(PKG.WT/UNITHREF) ®X© (PKG.V0L/UHIT)(REF) 

TYPE UNITS/(SGS(REF) (LB) (LB) (FT’) 

T&jjspf .33_ .7- (fihfkc.) ,^Z23. ^ 

, ooSl- 


pfCP/iSm((r3M ^ 33l 


© 

voL/ejft-F cAV 
?p!.? 


73 I t233- 


S®- . 5 : 6 -^ 

TOTAL HT/CTCLE 
(LB) 


. .. 

TOTAL VOL /CYCLE 
(FT’) 


TOTAL WT, ^ 
■Rl^orT’ _ 

A/ /a 

X 2o.S 

X _ 

\ 

CYCL f 5/DAY 

DAYS/HI SSI OH 

TOT,WT/CYCLE 

as) 

TOTAL VOL _ 
MISSION _ 

M/a 

X zo,5.... 

X 


CVCLES/DAY 

DAYS/HISSION 

TOT. VOL/CYCLE 

i aw 4 V 


S'. ^ 6 

“ KG' (LBT 




.0092- 773Z<^ 

tFWTT =^* 


•iAS/LIfiUI.D iS.PiNOA.BLES RiaUiiiN£"Ii 

® 

RECOVERY 

TYPE (LB) ' FACTOR '^(LB' 

-A//A- 


© 

AHT.USEO/CYCLE(REF) 

(LB) 


AHT.RECnVERED/CYCLE 




® . 

AMT LOST /CYCLE 

®-( 3 ) 

-(lbT 




2® 




TOTAL WT, 

“rts-stutt 


X X 

cycle/dAy OAYS/HissiorJ TT'TlTKtTcyclT 

Cc (3» 


(LB) 


(r 0 


KG (LB) 
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SPACCCRAI'T Shuttle 

IIABITAIULITY SUnSYSTF n House ke eping HABITABII.ITY rUNCTlON R efuse Manag ement 

Al'PL 1 Altec rU’JCT I Oil Ma nual C ollec tion 

APPI.1AACC COh'CCPT N'O. /TITLC 2/Waste Receptacles/Reusable 

■INDCX i;0. 3. 2. 1.2 REF. RQ. 170,160 

DESCRIPTION The waste receptacles/reusable concept utilizes aluminum rigid trash 
containers with tops with perforated slits. Replaceable plastic liner bags are 
used for refuse transport. The containers are held to structure with steel spring- 
finger retainer strategically placed throughout the vehicle. The number of containers 
used for space station were 30 and 6 for Shuttle. The number of containers was based 
on the fact the collectors are at fixed locations within the vehicles. The same 
container was used for compressible and uncompressible refuse. The number of plastic 
liners provided for the concept were based on the refuse volume. The plastic liners 
were assumed to be changed every 5 days based on volume of .68 FT^/collector {15 
liners/5 days for Space Station, ’.634 liner‘s/5 days for Shuttle). The liner volume 
was- assumed to be .27 FT^ less than container volume to allow for positive closure. 
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APPLIWJCC CONCLPT REQUIREHEHTS m PLMAUIES CALCULATIONS -s i r» 

• index HUKOERjg^^.>_gi. 


COMPONENT ' (REF) 

HM 


£tE£I£iCAi POWER Siaui£Ltl£!iIi 

AC. P 0 W E R __ P C 


U SE TIME 
CYCLE 
(HR) 


© 

PEAK 

(WATTS) 


average 

(WATTS) 


DEI^D 
(WATT-HR/ 
CYCLE) 
®X(3) 


POWER 


© 

PEAR 

(WATTS) 


© 

AVERAGE 

(WATTS) 


—(JT~ 

DEMAIff; 

(HATT-I'R/ 

CYCLE) 

(2)xd) 


MAXIMUM 


TOTAL 


MAXIMUM 


TOTAL 


f 


liiERHAL 



LATENT 

SENSIBLE 

HEAT LEAK 

TO COOLANT 

SOURCE 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 




TOTAL 

WATT (BTU/HR) WATT (0TU/HR) 


WATT (BTU/HR) WATT (BTU/HR) 


OPERATIONAL £. I. !i A L T i E S 


SOURCE 


MEAT LEAK 
(BTU/MR/CVCLE) 


THERI-SAL 

TO COOLANT 
(BTU/HR/CYCLE) 


ELECTRICAL 
(PK WATTS/CYCLE) 


WEIGHT 

(LB/HISSION) 


VOLUME 

(ftVmission) 


M/A. 


\ 


TOTAL 

HATTS/CYCIE WATTS/CYCLE 

(UTU/liR/CYCLE) (BTU/HR/CYCLE) 


KG/HISSIOH H’/MISSION 

(LB/HISSION) (fTVmSSlON) 
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APPLIANCE CONCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

number 


fixed H£ii!il/v fiklUI. &£aiiiEL!li.!ili 


HEIGHT 


COMPONENT (REF) (LBS) 

plQ ) — ljD,3e 


VOLUME 

(FT>) 

.O^ 


TOTAL 



SOLID 


TYPE UN ITS/1 

PCAST/C UU^ . /k34- 


EXPEHOABLE 

MT/UNIT (REF) 
(PKG.HT/UN!T)(REF) 


WT/VOL REauiREHENIi 
HT/&frE«-/ ® 


E(REF) (LB) 

__ .4^8(&%) 


(LB 


VOL/UNIT (REF) 
OL/U 
(FT> 


(X)X^ (PKG.VOL/UNIT)(REf) 


(D 

VOL /twee* m/ 


?F?1? 

(f?o) .OZl 




TOTAL HT/CYCLE 
(LB) 


E® -^02.3 

TOTAL VOL/CYUt 
(FTM 


TOTAL HT, 
“RRsIOh 

\ 


MIB— 

CYCLES/OAY 


20iS X . ZS4- 

DAYS/HISS*ION TOT.HT/CYCLE 

(LB) 


TOTAL VOL . 

HISS roll ■ 

CYCLES/OAY 


DAYS/MtSSlON 


> 


iOZ7 

TOT.VUC/'tYCLE 
. (FT3) 


k^lbT 




TYPE 

-H/A 


’ GAS/LiaUiO expendables 


AKr.US£0/CYCLE(REF) 

(LB) . ' 


RECOVERY 

FACTOR 


Eiay.L&L[il!iIl 

AHT.RECOVERED/CYCLE 



AMT LOST/CYCLE 


r LOST/O 

®-(|) 

■(lbT 


r 


E© 

TOTAL MT. 

"^STOh _______ X 

cVcle/dAy 


DAYS/HISSION “ YoTAri oST/CYtrE 

(r ® 




(LB) 


(e (D 


KG (LB) 
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SPACCCRAri Shuttle 

HADnAIULlTY SUBSYSTL M Housekeeping M ABITADILITY FUNCTION Refuse Management 

APPLIANCE FUNCTION Manual Collection • 

^ . 

APPLIANCE CONCEPT HO. /TITLE 3/Waste Receptacles/Disposable 

INDEX HO. 3. 2. 1,3 HEF. HQ. 170.160 

DESCRIPTION The waste receptacles/disposable concept is identical to concept 2 
using disposable plastic containers. Plastic liners were not used since the disposable 
container provides the means of refuse transport. The disposable plastic collectors 
are held to the structure with plastic spring-finger retainers. The spring retainers 
are strategically located throughout the vehicles (30 for Space Station; 6 for Shuttle). 
The number of plastic collectors were based on the trash volume (2.16 per day for 
Space Station; .83 per day for Shuttle) based on .95 FTVcoI lector. The storage 
volume of the containers was based on a stacked configuration, i.e. like paper cup 
storage. 


i 


( 
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mcEPi^/ui^ jr^ /?L-c^T /}^esjp/£pAs/}A de* 


APPL1AHCE CONCEPT REQUltltMENrS Af(D PENALTIES CALCULATIONS 


INDEX NUHOEn 


S.2MS 


COMPONENT 


iti£lEi£Ak Pp. yia E£.ailJ.B£!ll!iIs 

AC. POWER DC POWER 

® /-V *<^ i-v * ^ 

USE T IME (y ® DEMAfJD ® (f) DEMAND 

CYCLE PEAK AVERAGE ^CYClEr^ AVERAGE ^CYCLCr^ 

(REE) (MR) (WATTS) (WATTS) ®XQ) (MATTS) (MATTS) (I)X(i) 


HAXIHUH 


MAXIMUM 


lli'ERMAL RtaaiEktikEis 


(BTU/HR) 


SENSIBLE 

(BTU/HR) 


MEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 


WATT (BTU/HR) 


WATT (BT'J/HR) 


WATT (BTU/HR) 


MATT (BTU/MH) 


OPERATIONAL PENALTIES 


HEAT LEAK cqolaNT ELECTRICAL HEIGHT VOLUME 

(BTU/HR/CYCLE) (ETU/HR/CYCLE) (PK HATTS/CYCLE) (LB/MlSSIOfl) (FTVhISSION) 


TOTAL 1 

HATTS/CYCLE HAUS/CYCLE 

.. (BTU/HR/CYCLE) (BTU/HR/CYCLE) 


KG/MISSION 

(LD/MISSION) 


Hl/HISSION 

(nVMISSION) 
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APPLIArtCE CONCEPT RtOUlRWENTS AflO PtHALTIES CALCULATIONS (COHCLUOED) 

CONCEPT, ■g/ ^ / i>, 57 7r CC pr^eu.c:s//>/S/^^^ce index huhbcr 


IIXED WEIGH T/VOLUHE NEaUiREHENTS 


COMPONENT (REF) 

Eejy)iNB£.S. 'Jj 2 Q) 


WEIGHT 

(tos) 

f3.*3.. . 


VOLUME 


(FT>) 

..t 03 


2 ,^ 


TOTAL 


1,31 dUZ) 

KG (LBS) 


.oe°) (z . 44 ^ 

H3 (FTJ) 


TYPE 


SOLID expendable EI/VOL REaUiREHENTS 


UNITS/ 



(REF) 


© 

WT/UNIT (REF) 
(PKG-HT/UN1T){REF) 
(L6) 


© 



® 

V0L/UN!T (REF) 
(PK6, VOL/UNIT) (REF) 
(FT3) 


VOL/CFG5C DAV 

?F^^f 


coNno/Ne?t .^3 




L^±JkinMCs. 





TOTAL WT. 
■RTlKIOTr ■ 

\ 

TOTAL VOL 
MISSION 



V 

E® 



X 

_ X 

TOTAL WT/CYCLE 
(IB) 

CYCLES/DAY 

OAYS/MISSION 


TOT.WT/CYCLE 

(LB) 

CVO^OAY 

_ X 2 . 0,5 

DAYS/MI SSION 

_ X 

T01.VOL/CYCLE 


- (FT’) 


lo 4 


^ TOTAL VOL/CTCLE 
(FT’) 




'WITbT' 




,o^a 

fFWy 


' GAS/Liaill5. 


EXPEJi’DftBLES 


R E 


a 


UIREMENTS 


TYPE 


CD 

AHT.USEO/CYCLE(REF) 

(LB) 


© 

RECOVERY 

FACTOR 


© 

AHT.RECOVEHFD/CYCLE 

©X© 

(leT 




AHT LOST /CYCLE 
©-© 
•(lbT 




■i 


TOTAL «T. . 

mrsw “ 


ECD 


'CVCle/daY dAYs/hission 


Total loiT/CYcU 

(I ®) 


D® 


(LB) 


(r © 


x(T(Le)' 
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j 

HABITABILITY SUBSYSTE M 3.0 Housekeeping 
HABITABILITY FUNCTION 3.2 Refuse Management 


APPLIANCE FUNCTION 3.2.2 Vacuum Collection 


NUMBER OF CONCEPTS CONSIDERED 


ASSUMPTIONS 

1. The vacuum collection of refuse utilizes various types of vacuum cleaners. 

to assist in cleaning of the vehicles. A central vacuum system was not considered 
because sizing of the unit is dependent on the detailed vehicle configuration. 

The configuration was not defined well enough to size a representative system 
for trade purposes, therefore only hand held units were considered for the study. 

2, The vacuum usage was based on 24.5 minutes per day. This was based on the 
following rationale. 

(1 use/day) 8.5 minutes/day (1 hr/week)-general cleanup 
(3 uses/day) 6.0 minutes/day (2 min/meal )-meal cleanup 
(1 use/day) 10.0 minutes/day - emergency cleanup . 


24.5 minutes per day (.408 hrs/day) 
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appuiaoce concept FUnCTJON matri* 
.lK0Eli_N9« VJ^cUUl^ . HErURE_COULECT!ON .(SKUTTtEJ .. 


JKeEtl_US*Gf. 
KOt Time 


;ONSUK*sl.ES_*NO-rU5»_RE90I'’E'5ENTS„ 




•ELEc WT/V0U_ Rebuts OE^^EtOP«E^^^ 

COST 


AMTi PK rwR AVC P*R 

USES/DAY TyPE USED flto* pRess_. tehp COOLaNT HT leak AC _ AC WEICHT VOLUKE AVaIL i»oex »*eigrt 

HRS/OSE <•» -KG/USE- • -DEG C- -WATTS- ’ -RaTTS- DC ^ ^ DC -KG- -CU H. ^ (•*) -KC- 

. l m_\ tP5lGl_(p^C^rj LbIU/HR»_IbTU/mR) ri^ATTS._-WATTS- *LB5l_ICU fT) tL^Sj 


^ o 



' 

I 

A.nOD 

; o 


»D62 

o 

2 

S,000 
. . «0A2 


3 

^ , nnp 

• ^ 


»oa2 


77- 

iD _ 

. 0 

_ 13,6 

_ ^02 

( 262t) 

115*0 

<D ( 

30-41 1 

i79) 

HO. 

24QtO 

.0 

4i6 

■ 01 


[ 1.37nOM IO»oO] 


2UI 

tO) t 70. 0) t 


-G*.I j_5'16f 1_ 


-0* 0.— 

□fl ( 0.1 


*□ L^io.or.i i3oJ 1 


-■0 AA,9 

.0 < 1*I7»51 


» D I 1 . 

r 191 


applurce 

_jtQ.HCECl_ 

FfOv 


CONCEPT HAHe 


I - VACUUM CLEANER (5KYLA0I 

VACUUM , CLEANER JCOKhERIcaU) 

3 « VACUUM cleaner-vented TO SPACt 


1 - CABIN AIR (CIRCULATED A, 

2 - CABIN AIR (LOST] , 

3 - OXYGEN (LOST} 

A - COOLING WATER (CIRCULATED), 

5 - L’ATER (LOST) , 

6 - NITROGEN (CIRCULATED), 

7 - NITROGEN (USED) 

8 " FREON (CIRCULATED), 

9 - WATER (PROCESSED) , 


LITERS/SEC (n^/HIH) 
KG/HR (LB/HR) 

KG/HR (LB/HR) 

KG/HR (LB/Hi<) 

KG/HR (LS/HS) 

KG/KR (LB/HR) 

KG/hR (LB/HR) 

KG/HR (LB/HR) 

KG/HR (LB/HR) 


[**) AVAILABLE 


»*)COST 

IND’CATOR 



(1) available 

0-Z5S 

(2) state of the art 

25*50i; 

(3) SOME DEVELOPMENT REQUIRED 

50-7SS 

(4) EXTENSIVE DEV. REQUIRED 

75-1002 
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX 


APPLIANCE FUNCTION: 3.2.2->REFUSEyVACUUM COLLECTION 
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SPACECRAPT Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY' FUNCTION Refuse Management 

APPLIANCE FUNCTION Vacuum Collection 

APPLIA.NCE CONCEPT NO. /TITLE VPoif’table Vacuum/ Electric (Skylab) 

‘INDEX NO. 3. 2. 2.1 REF. NO. McPac, 297,283 

DESCRIPTION The portable vacuum/electric is identical to the vacuum used on Skylab. 
The vacuum has a hose and pickup attachments to assist in vacuum pickup. The unit 
has a. strap and handle for carrying/using the unit. Vacuum cleaner bags v/ere 
assumed to require changing once per week C. 142 cycles per day). 


C 




B2-376 . 


1 } I i i 

D2.-II8561,-3 


APPUAHCE CONCEPT PEQUIREHEHTS Af<0 PENALTIES CALCULATIONS ■ 
COHCEP Ty/q;i^/^.g^.^r l//}CO Q/» //rf INDEX 




ikI.£I£i£AL‘ POWER 

R E aiii£L!ii 

H 7 S 





AC . P 0 W 

E R 

D C 

P 0 W E 

R 

COMPONENT 

(REF) 

USE^KE (?) f?) 

CYCLE PEAK . AVEP31GE 

(HR) (WATTS) (WATTS) 

AOZ. ' — 

0E^(0 
(WATT -HR/ 
CYCLE) 

®x@ 

CD 

peak 

(WATTS) 

If^.. 

® 

AVERAGE 

(WATTS) 

Jl£— 

w 

OEHANO 

(WATT-HR/ 

CYCLE) 

®x(2) 

U/‘7J 


0 


i 


HAXIHUM * 


__ 

TOTAL HAXIMUH 


/L7S 

, TOTAL 



’ SOURCE 


liERHAl^ REiSLli iHE H T S 


LATENT 

(BTU/KR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 


/OfoTO^ 


2.&Z. 2-6Z 




TOTAL 

• 


'7Ci.P>(FJ^77\ 


WATT (BTU/HR) 

WATT (BTU/HR) 

WATT (BTU/HR) 

WATT (BTU/HR) 


» 

. 

* 



SOURCE 

- 

1 


OPERAIXONAl penalties 


HEAT LEAK 
(DTU/HR/CYCLE) 


THERMAL 

TO COOLANT 
(BTU/HR/CYCLE) 


ELECTRICAL WEIGHT 

(PK WAHS/CYCLE) (LB/HISSION) 


• VOLUME 

(ftVhission) 



TOTAL 

HATTS/CYCIE UATTS/CYCLE KO/HISSiON H'/HtS^lra 

{OTU/HH/CYCLE) (BTO/HB/CYCLE ) {LB/HISSIOH) (FT >/Ht'.S10H) 
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APPLIANCE CONCEPT REQUIREMENTS ANO PENALTIES CALCULATIONS (CONCLUDED) 

CONCEPT J /j^/.frCr>S/eL HUHSER_ ^, . ;?r 


LiiiEL Hil£liI/i£k!l!lL EI.Q!liRi!l£!iIi 

HEIGHT 

COMPONENT (REF) (LBS) 

\/Aca6f/7l fJAJ/T. 3o^ . O Cl _ 

{MCCUA>//^ AA/O _ 

— 

S/)^5 .( ?rg _ 


VOLUME 

(FTJ) 






,OZ7L (.79) 

H3 (FV) ^ 

'• SOtiD expendable HT/VOL REflUXEiNiNIi 

(T\ ' ‘'I’ 

Cy (PKG 

TYPE UNITS/CVCLE(REF) 

l/ACUm^L 

' I .<^/7 (TTo ) 


® (D © (D 

/UNIT (REF) HT/CYCLE VOL/UNIT (REF) ''OUCYttE 

.HT/UHIT)(REF) ©X© (PKG. VOL/UNIT) (REF) ®X<?> 

(LB) (LbT (FT3) TfT’T 


TOTAL 


~3.C.3 &O.O^i 


KG (LBS) 


S(D ..- ^Q TL 

TOTAL HT/CYCLE 
(LB) 


2® ^c>c>2oi>7 _ 

^ mArW/CYCLE 
(n*) 


TOTAL UT. . 
HISSKJH" ■ _ 



"Zo. S* X 

,a/7 

\ 

CYCLES/DAV 


DAYS/HISSIOH 

TOT. HT/CYCLE 
(LB) 

TOTAL VOL 
MISSION ' _ 

.f^2. 

__ X _ 

Zo.S X 

/ oo3o^ 7 


CYCLES/ DAY 


DAYS/MISSION 

1 

TOT. VOL/CYCLE 
. (FT3) 


,D2Z 




,oooz^ f,oo3) 

\ (FTJyV ^ 


TYPE 


• EA^LiaEiD expendables 


© 

AMT.USED/CYCLE(REF) 

(LB) 


RECOVERY 

FACTOR 


R E a U i R E H E H I S 
AHT.RECOVEREO/CYCLE 



© 

AMT LOST/CYCLE 





£® 


"'i 


TOTAL HT. 

Hissioir 


TreiTTHAF 


DAYS/HISSION~ TOTAL LOST/CYCLE 

(r ® (LB) 


(r © 


KG (LB) 
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SPACE CIJAl'T^ .Sh uttle 

HARITADILITY SUBSYSTEM Housekeeping H ADITABILITY rUNCTION Refuse Management 

APPLIANCE FUNCTION Vacuum Collection 

APPLIANCE CONCEPT NO. /TITLE 2/Portab1e Vacuum/Electric (Commercial) 

'INDEX NO. 3. 2.2. 2 _HEF. NO. 170 

DESCRIPTION The portable vacuum/electric (commercial) concept is the same as 
concept 1 except the unit is made of plastic and is a commercial unit operating on 
AC power. The unit is lighter than the concept 1 version, therefore was presented 
for the purposes of trade. The unit would require considerable development and 
was penalized for its development cost. The vacuum cleaner bags are identical to 
concept 1 and are replaced at the same frequency. 
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CONCEPT . 


APPLIAfiCC CONCEPT REqulRfHENTS m PENALTIES CALCULATIONS 

C<^trurn^^C^^lCj INDEX NUHOER^ 


COMPONENT 


itE.£I£l£AL PONER £ iaSL iELtlLtLIi 


USE TlHE 
CYCLE 
(NR) 


P 0 U E R 


PEAK 

(HATTS) 

Z4-0 


(D 

AVERAGE 

(HATTS) 


oemAho 

{HATT-HB/ 

CVCLE) 

©X<3) 


POWER 


© 

PEAK 

(HATTS) 


© 

AVERAGE 

(HATTS) 


HAXIHUH * 


TOTAL KAXIKUH 


. TOTAL 




LATEHT 

(DTU/KR) 


SEIISIBLE 

(6TU/HR) 


HEAT LEAK 
(BTU/HR) 


TO COOLAriT 
(BTU/HB) 


WATT (BTUyHR) 


/bO 

HATT (BTU/HR)" 


WATT (BTU/HR) 


HATT (BTU/HR) 


OPERATIONAL PENALTIES 


HEAT LEAK ™So COOLANT ^ 

SOURCE (BTU/HR/CVCLEJ (BTU/ HR/CYCLE) (PK HATTS/CYCLE) (LB/HISSION) (FT^HISSJON) 


HATTS/CYCIE mAIIS/CYCLE 

(DTU/HK/CYCLE) (DIU/HB/CYCIE) 


KG/HISSION 

(lO/mSSlON) 


H>/H|SSIQN 

(ITJ/KISSIOH) 
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1 1 


1 


► 


APPLIAHCE COtiCEPT REQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEPT /^L r^tjrT^/r . " INDEX NUHPER 




COMPONENT (REF) 

i/Acuum eJA//T~ * 
/}^AC///>7e7Jrs ) 


HEIGHT 

(LBS) 


JOj2. 


VOLUME 

(FT5) 


.2^ 






TOTAL 


f/o.oS\ 


KG (LBS) 


,oo^ C30Z) 


H’ (FTM 


TYPE 

ji//icofc^/n.. 


SOL.XD expendable HI/VOL EiaiiiEiil£!iIi 

© (D ^ 

© VT/UNIT (REF) HT/CYCLE VOL/UNIT (REF) 

(PKG.HT/UNIT)(REF) ®X© (PKG. VOL/UNIT ) (REF) 

UN ITS/CYCLE (REF) (LB) (LbT (FT^) 


© , 
VOL/CVCLE 

?F?f 


L 


y2jJL.(j26) 


7 



Ed) 


,£>/ 7 


TOTAL WT/CYCLE 
(LB) 


tot;»l wt, 
■fllSSlfiH 

\ 


.f4-Z- 

CYCLES/DAY 


OAYS/HISSION 



TOTAL VOL 




CYCLES/DAY 


OAYS/MISSION 

t 


,0£P3^7 ■ 

TOT. VOL /CYCLE 
■ (FT3) 


Sd) 

TOTAL VOiyCYCU 

Cn3) 


KG (LB) 





TYPE 


• £AS/LIQUXD expendables 


® 

AHT.USED/CYCLE(R£F) 

(LB) 


® 

RECOVERY 

FACTOR 


T 


£ i a y. i £ L ti i ti I i 

AHT.RECOVEREO/CYCLE 


AMT LOST/CYCLE 

®-® 

•{lsT 


t 


z® ^ 

TOTAL HT. ^ ' 

“KlSslbir X X ■ 

CYCLE/OAY DAYS/KISSION ' TOTAL LOST/CYCLE 

Ce (3S (LE) 


z® 


fe ® 


KG (LB) 
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SPACCCRAn Shuttle 

liABITAniLITY SUbSYSTE M Housekeeping H ABITABILITY FUNCTION Refuse Management 

APPLlANCi: FUMCTIOh Vacuum Collection • 

^ ' — — 

APPLIANCE CONCEPT NO. /TITLE 3/Portab1e Vacuum/Space Venting 

'INDEX NO. 3. 2. 2. 3 REF. NO. 1022 

DESCRIPTION The portable vacuum/space venting concept uses a vacuum unit vented to 
space. A maximum 14.7 psi delta pressure is available, however the filter required 
will reduce the possible suction at the pickup nozzle. The concept was tried on 
Apollo, but did not provide enough suction. Proper design of the hose and pene- 
tration in the vehicle shell can make this unit operational. The collection bag 
used in concepts 1 and 2 serves as the filter and refuse trap. The flow used 
was based on the concept 1; 10 CFM. Venting overboard is allowed, since the 
vented gas is filterd and clean. 
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APPLIMCE CO.SCEPr RECUIREHENTS A’)D PEKALTIES CALCUUTIOHS _ _ 

cwcEP T vt^c ju u / -st* cic.i£ veMT\ >o<i- index hukber o ■ ~g ■ “g • s 


CCHPOKEIIT (REF) 

• ^ /\ * . 


iki£l£i£.ik fLlJNEft EkSliiSLtlkilli 


USE UNE 
CYCLE 
(HR) 


(D O 

PEAK AVERAGE 

(WATTS) (WATTS) 


DEi^D 

(WATT-MR/ 



© 

PEAK 

(WATTS) 


POWER 

(b) DEHANO 

AVERAGE 

WIIS) ®“8> 



1 


* 




MAXIMUM 

TOTAL 

MAXIMUM 

TOTAL 


lillSH/Lk S.ia!iiRE.{li{LIi 



SOURCE 

m4 


LATENT 

SENSIBLE 

HEAT LEAK 

TO COOLANT 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 


. 

• 



TOTAL 


WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HB) WATT (BTU/HR) 


t 

SOURCE 

« 

KeA 


OPERATIOHAL PCUALTiES 


HEAT LEAK 

THERMAL 

TO COOLANT 

ELECTRICAL 

WEIGHT 

(BTU/HR/CYCLE) 

(BTU/HR/CYCLE) 

(PK WATTS/CYCLE) 

(LB/mSSlOH) 



VOLUME 

(FT3 /MISSION) 




TOTAL 




UATTS/CVCLE 

WATTS/CYCLE 

Kfi/HISStOH 

HT/MISSIOH 

„ (UTU/llR/CYCLE) 

(BTU/llH /CYCLE) 

(LB/nlSSlOR) 

(nVMlSSlOH) 
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APPLIANCE CONCEPT (tCQUIRCMENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

t/^ 7 Jr?U^ iiiDEx number 3 .P. 2.3 


mil Hiiiiii/io kiiii liiiiEiaiiiii 


COMPONENT (REF) 

I/Acuomuki/T ‘ (/70 \ 

.Qf ^c oupes . / Va ses. 
ArTTia^mnA/rs) 

l//}COUfr7 cc^/J£^ 


TOTAL 


HEIGHT 

(LBS) 


YOLUHE 

(ns) 


.7,0 , / 7.^ 






B.m ri.oS) 


< . ' KG (LBS) 


.gcy.S' /^/S4) 


H3 (FTJ) 


TYPE 


ilkil iiLiUlllki EI/vol Riaii?. iEiEli 


© 

UNtTS/CYCLE(R£F) 


© 

WT/UHtT (REF) 
(PKG.HT/UNITHREF) 
(LB) 


© 

UT/craE 

®,fg> 


© 

VOL/UHIT (REF) 
(PKG.VOL/UNITUREF) 
(FT3) 


VOL /CYCLE 



/g/Ztg ' f / ,0/-? (f^ .0/7 ~^o3o6i JiJo) ^oaAo^ 7 


TOTAL HT. 
MISSION 

\ 


ct/oe^day 


E® 


> on 

TOTAL HT/CYCLE 
(LB) 


2.0.^ X . g>/7 

OAVS/HISSIOH TOT.VfT/CYCLE 

(LB) 


TOTAL VOL 
MISSION 


CYCLES/ DAY 


DAYS/HI SSION 


TOT. VOL /cycle 
(FT3) 


7 :® 

toiAl vol/cycle 
(FT=) 




.OOCZS Co09j~^. 

— Fpwr — ^ 


iAi/kifilia ikPEHDABLES REaUlREHENTS 

© 

RECOVERY 


TYPE 


© 

AHT. RECOVERED/CYCLE 

AMT,US£0/CYCLE(REF) wtLuvtRi (T)x(?) 

(LB) ' FACTOR (LB) 

MM - . A f M 


O 

/CYC 
(LB) 

7.32^ 


® 

AMT LOS'i /CYCLE 

©-© 

•(LbT 


E® -Zaz 




TOTAL WT. . ^ 

“HTsmir ^ 

CYCVE/OAf 


X Z^-_C X 

■TAys/hissIon TOtAl lost/cyclE 

ec (3» 


E® 

I4oM ^ . M/A- • 

(LB) (r ® 


U2 ■_ 

KG (LB) 
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HABITABILITY SUBSYSTEM 3.0 Housekeeping 


HABITABILITY FUNCTION 3.2 Refuse Management 


APPLIANCE FUNCTION 3.2.4 Refuse Processing 


NUMBER OF CONCEPTS CONST DERED_ ]]■ 


ASSUMPTIONS 

1. The refuse processing of refuse utilizes, compaction, shredding, incineration, 
and decomposition methods for processing* The shredders were combined with other 
processing concepts , such as compactorsto increase the efficiency of refuse volume 
reduction. Shredders were not considered as a separate method for trash processing 
since it actually increases the refuse volume and requires the aid of a compactor 
or incinerator for reducing refuse volume. 

2. The refuse mix used for the compressible refuse volume is summarized on the next 
page. 

3. The incineration and- decomposition concepts 9 through 12 were considered only with 
shredders. Reference data indicates shredders are necessary to achieve efficient 
performance of these units. 
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TABLE 

SHUTTLE REFUSE SUMMARY 



J SPACE 

STATION 
(LBS) 

SHUTTLE 

(LBS) 

SPACE 

STATION 

(FT3) 

SHUTTLE 

(FT3) 

COMPRESSIBLE 





Health & Safety 

11.10 

1.296 

11.59 

.372 

Crew Quarters 

‘ 120.62 

115.4 

128.7 

2.39 

Food/Drink 

566.2 

32.93 

13.08 

.993 

Crew Hygiene 

171.32 

107.58 

129.36 

2.48 

ECS 

0 

0 

0 

0 

RCS 

0 

0 

0 

0 

Power 

0 

0 

0 

0 

Structural Maintenance 

21.15 

.236 

.281 

.030 

Communi cations 

0 

0 

0 

0 

Data Collection 

.25 

0 

.006 

0 

COMPRESSIBLE REFUSE TOTAL 

890.64 

*257.44 

283.02 

6.265 


NONCOMPRESSIBLE 


DISPOSAL 


BAGS 


i: 


Health & Safety 

0 

0 

0 

0 

Crew Quarters 

0 

0 

tl 

0 

Food/Drink 

0 

0 

0 

0 

Crew Hygiene 

0 

0 

0 

0 

ECS 

0 

0 

0 

0 

RCS 

0 . 

0 

0 

0 

Power 

0 

0 

0 

0 

Structural Maintenance 

0 

0 

0 

0 

Communications 

0 

0 

O' 

0 

NONCOMPRESSIBLE REFUSE TOTAL 

0 

0 

.0 

0 

COMPRESSIBLE 





Health & Safety . 

144.0 

10.80 

5.14 

.386 

Crew Quarters 

0 

0 

0 

0 

Food/Drink 

3975.56 

314.12 

158.37 

12.237 

Crew Hygiene 

61.42 

2.67 

3.64 

.095 

ECS 

36.98 

6.95 

.57 

.43 

RCS 

1.75 

0 

.04 

0 

Power 

0 

0 

0 

0 

Structural Maintenance 

0 

0 

0 

0 

Communi cati ons 

0 

0 

0 

0 

COMPRESSIBLE REFUSE TOTAL 

4219.71 

334.54 

167.76 

13.15 

NONCOMPRESSIBLE 





Health & Safety 

0 

0 

0 

0 

Crew Quarters 

0 

0 

0 

0 

Food/Drink 

0 

0 

0 

0. 

Crew Hygiene 

11.38 

.39 

,72 

■;002 

ECS 

26.17 

0 

,14 

0 ■ 

RCS 

207.03 

0 

13.43 

0 

Power 

55.16 

O' 

.730 

0 

Structural Maintenance 

51.25 

0 

.206 

0 

Communications 

96.998 

0 

1.82 

0 

Data Collection 

8.31 

0 

,078 

0 

NONCOMPRESSIBLE 

456.30 

.39 

17.12' 

.002 
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appliance CONC^P'f fyHCTIQN_flAT«|X^ 


iHWjTJjO* refuse PKOCESSINC jskuttlej 



COHCEPT 
tiQ* 

US^tiE ' 

— t}He_ 

consumables ■ 

AMd FLO* 

REQUlPErtENTS 

THERhaL 

■ Re^hTS 

ELEC 1 

fWr REOhTS WT/Vou 

ReQhTS^ 

DE'''euOP«ENT 
COST ^ 

ReSUPPcY 

'-N 



* " “ " 

_ A«Tf 






pk p«r 

AVC PWR 

AC WEIGHT 

DC -KG- 







l»SES/0*f 

K»s/use 

TfPE 

!•) 

used 

-KG/U5E- 

FUOH 

a 

PRESS 

7EHP 
-OEG C" 

COOLaRT 

4.SWA7TS- 

HT LEAK 
-HA7T5- 

aC 

DC 

VOUUKe 
- ru H. 

avail' 

(••) 

index 

WEIGHT 

-KG- 





ILS/USEI 

[•I 

tPSlG) 

lOEG FI 

(BTU/Hr) 

t0TU/HR» 

-*ATT5- -watts- tUBSl 

ICU FT) 
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iPfLUHCE 

CONCEPT 


c 0 « C E p T K -X H. G 

. COHPACTOR-AIR PRESSURE 

CORPACTOR-VACUUH 

CQUPACTQR-HDTOR . 

COHpACTOR-HANUAt 

COmfAcTOR**A in PRESSURE W/ShPEDDER 

COiipACTDR-^VACUUH R/5HREoDEft 
COHP acTOR-HOTOR H^SHREOnER _ 

coup actor-manual Wf/SHREHOEp 

lUTECRATEO VACUUM DCCOKpOST 1 QH/SHRCOOER . 

n-USH FLOW I NC I NER*T lON/SKftEDOER 

ptROLTSlS/BATCH-lNClHERAtlOR/SHRE^n 

WET OJttDiZAY ION/ SHREDDER 



) 

1 - CABin AIR 

(CIRCULATED), LITERS/SEC 

(FT^/HI!!) 

2 - CABiri AIR 

(LOST) , KG/HR 

(LB/HR) 

3 - OXYGER 

(LOST) , kg/hr 

(lb/hr ) 

4 - COOLING WATER 

(CIRCULATED), KG/HR 

(LB/HR) 

5 - MATER 

(lost) , KG/HR 

(LB/HR) 

6 - MI7R0GER 

(circulated), kg/hr 

(lb/hr) 

7 - HITR05EN 

(used) , KG/HR 

(lb/hr ) 

8 - FREOfI 

(circulated), kg/hr 

(LB/HR) 

9 - HATER 

» 

(PROCESSED) , KC/HR 

(LB/HR) 


(***)C0ST 


(**)AVAILABLE 

. INDICATOR 


(1) AVAILABLE 0-Z5S 

(2) STATE OF THE ART 25-50S 

(3) SOME DEVELOPKEHT REQUIRED 5D-75S 

(4) EXTENSIVE DEV. REQUIRED 75-100! 
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REFUSE PROCESSING (SHUTTLE) 
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FACTOR 
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VAL'JE 
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2 

3 

c 0 N c 

E P T 
5 . 

6 

7 _ 

8 

9 

- 10 

t 1 

12 


o 

WEIGHT 

28.‘)50 

557*7o 

15 

12*92 

12 . an 

12,79 

Mi23 

10. ’1 

10*S7 

10.77 

U-22 

9*96 

6.30 

9*30 

*00 



power 

VOUOHE 

•00000 

3,0000 

TBZ.OO 
75,300 

15 

10 

9»60 

IH.91 

9.5b 

7 .02 
9,60 

JS.OO 

8,09 

&t93 

9.39 

6.93 

9,39 

7 .02 
^.39 

7*02 
7.88 

•00 
1 .H3 
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_ 1.69 

rOO 

3*85 

5.36 

.00 
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SENsiTlviTY ANALYSIS 


rating for EACH_,C0NCEPT after _1_NCREaSING 

single selection parameter weighting factor iif SO 2 
(BASED ON. 100 B HAJC ,P0 INTSJ 1_ 


' CONCEPT 

1 Z 3 H 5 6 7 0— 



_ NQRHAI 

_ B H # 9 H 

B5t 1 1 


79. 17 — 

63.87 _ 

.65,25 

_.63.S7. 

___66.aa 

o 

WEIGHT __ _ 

. _ 

6S » t B 

75*02 - 

8C* HS 

6^1 *59 „ 

65.04 

— 64. 2R 

— 68*06 

power 

B6e 12 

86 >27 

71.^0 

a Q • 6 6 


63.71 

62*21 

65*25 


VOLUME 


6^ * ' D 

.-75.33 — 

79.27^ 

65.SH_ 

.66 , q5 

— 65.25. 

— 67.54 

o 

thermal 

B6« 16 

B6 t32 


Bp .0 6 

65,93 

67 ,20 

65,37 

6 8 . 7 0 

RELIAB-Y. 

-8St37 . 

aSii53 

__7H .as 

79.77 - 

6H.9Q^_ 

66. 25 

-^64,61 

— 67.82 


MA JN7EHC 

a^u3a 

aH«6S 

73i5q 

79. 7S 

63*00 

65*04 

62, 9Q 

67*45 

o 

safety 


an. IP 

___73.M2_ 

76.91 — 

62.0M_ 

63.39 

— 61 .75 

— 64.97, 

DEV COST 

821^2 

B3»07 

72*97 

75. H6 

62.»t7 

63.75 

62. 2t] 

65.24 


SENSITIVITY *N*LYSIS 


_ . rating for each concept after increasing 

SINGLE SELECTION PARAMETER WEIGHTING FACToR BY ~50 a 
_ {BASED ON 100 S MAX POlNTSl 


CONCEPT 



1 

2 __ 

3 

4 

5 

6 

.. 7 

a 

NORMAL 

84.94 

85.1 (_ 

_74* 1 1 

. 79.17 

„63.B7 

.65.25 

.63.57 

__. 6 6 • 8 a . 

WEIGHT 

_B4 * 3 


.7 3*D3_ 

_77.6S. 

— 63*DI — 

.64.56. 

_ 62.77 

—65*47^ 

POWER 

23.54 

83*72 

76.76 

77.16 

65.58 

67.10 

65,19 

6a«B3 

volume 

.84 ,25._ 

84.44 . 

.72*74 

_79.07. 

— 6 1 .99_. 

63,46 

_ 61 ,6B 

6 6 . 1 4 _ 

thermal 

83.4? 

83*67 

71 .9s 

77.16 

6l .41 

62.93 

61.42 

64.71 

RELIABLY 

,84.49 

a H * 6 6 

.73t33 

,_7 0.S4. 

— 62.78_ 

64,20 

-62*47 

— 65*0B« 

HAJNTEnC 

85.54 

65.56 

74.77 

70.56 

64*79 

65.40 

64,20 

66*27 

SAFETY . 

.86,0Q_ 

.b6.1T__7.H,B4 B1.57_ 

_6 5.eO_ 

>.7.20 

65.50, 

^6b.91_ 

DCV COST 

B7.36 

87.54 

75.48 

83.6 i 

65.S3 

67.05 

65.21 

68.84 






1 0 — 1 J 1 2 

_22»Q6_2B.5Q 2a*.3l— -UtVX 

. 25. S6.„.3Di A7__23.6V _I 1 *B7 
,20*20 20*50 18,67 l<)*77 

_2l .5H__27,e5 2 1 ,32 12.20. 

20*20 20,40 lfl,67 J4.7S 

21 ,B4_ 27.B9__l9.7 3_l2.72 
22*09 20*1* 20*00 12*55 

_Z2,B6_29.11 21.16 12, 55 

21.90 27.27 19.21 |l.B7 



_ 9 ID II — 12 

.22*06 .20,50 20.31 12.92 

_17.76__25.90_ 16,28 _IH. 17. 

24.10 20. H7 22*28 t0*71 

_2Z.55_ 29.22_ 19,tS_l3.73 
24.20 20.51 22, 2e [0.73 

_22«30_ 29, l4_2a,9 3_...I3. 13 
22.04 20*05 20.56 13*31 

_2i.2 2__27,BH__J9..4j 13i3L 

22.26 29.96 21.63 14«l7 
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX 


APPLIANCE FUNCTION; 3.2.4 REFUSE PROCESSING 


COMPONENT TYPE 

( 



NUMBER 

0 

F 

C 0 

M P 0 N E N T S 

' 


NUMBER 

OF 

SAFETY 

CRITICAL 

ITEMS 

SOLENOID 

VALVE 

ACCUMULATOR 

FILTER 

PRESSURE 

REGULATOR 

oi. 

4cc 

>- UJ 

o ^ 

o h-* 

Lu 

LU UJ 

HH >* 

UJ <C 

a; 

ACTUATOR 

t 

UJ 

0£ 

^ 3C 
CJ 
VI 1— 
UJ 

OC Z31 
O- lO 

Ol 

o 

}— 

o 

ELECTRIC 

SWITCH 

1 

d; 

o 

ca 

1 

to 
iid LU 

o > 

LJ ^ 
3= < 
O > 

HEATER 

PUMP 

1 

1 

APPLIANCE TYPE 

(D 

mi 


Q 

1® 



m 

1®. 


@ 


© 


o 

B9 

COMPACTOR/AIR PRESSURE 

1 

1 

1 

1 

1 

1 

1 

1 

- 

1 

- 

- 

- 

■ 



1 

COHPACTOR/VACUUM PRESSURE 

1 

1 

1 

- 

1 

- 

1 

1 

- 

1 

- 

- 

- 




1 

COMPACTOR/HOTOR 

- 

1 

1 

- 

1 

- 

1 

1 

1 

1 

- 

- 

- 

- 



1 

COMPACTOR/MANUAL 

" 

i 

1 

- 



1 

- 

- 

- 

- 

- 


- 



2 

COHPACTOR/AIR PRESSURE & SHREDDER 

1 

1 

1 

1 

1 

1 

1 . 

1 

1 

2 

- 

- 

" 

- 



2 

COMPACTOR/VACUUH PRESSURE AND 

1 

1 

1 


1 

- 

1 

1 

» 

2 


Jt 


_ 



2 

SHREDDER 


















COMPACTOR/MOTOR & SHREDDER 


D 

1 

- 

1 

- 

1 

1 

1 

2 

- 

- 

- 

- 



2 

COHPACTOR/MANUAL & SHREDDER 


n 

1 


- 

- 

1 

- 

- 

1 

- 

- 

- 

- 



2 

INTEGRATED VACUUM DECOMPOSITION/ 

10 

2 

2 


1 






2 

2 

2 

_ 



1 

SHREDDER 


















FLUSH FLOW OXYGEN INCINERATION/ 

14 

2 

2 


1 



_ 


_ 

2 

2 

2 




1 

SHREDDER 


















PYROLYSIS/BATCH INCINERATION/ 

14 

3 

2 

1 

1 

- 


• 



2 

2 

2 




1 

SHREDDER 


















WET OXIOATION/SHREDDER 

13 

3 

2 

1 

1 

1 




X 


1 


2 ‘ 

! 

1 

1 

1 


2 



e-ioqsn-za 
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Shuttle 


HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY 

APPLIANCE FUNCTION Refuse Processing' 

APPLIANCE CONCEPT NO. /TITLE 1 /Compactor-Air Pressure 


FUNCTION Refuse Management 


INDEX NO. 


REF. NO. 203,123,170,270 


DESCRIPTION The compactor-air pressure concept uses air pressure against a piston 
for refuse compaction. The compactor is used for dry and moist compactible refuse. 
The unit provides a sterilant to the waste to prevent bacterial growth. The refuse 
is placed into a waste storage bag in the compactor. The compactor is actuated 
and compression of the refuse is accomplished using cabin air pressure of 40 psi. 
The piston used for the study v;as 9 inches square which results in 4000i!/ of com- 
paction press'' 'e. The curve (see next page) from reference 123 shows 30 psi is 
more than adequate to attain a 0.2 compression ratio. The uncompressed refuse 
volume per day 2.45 FT^/day for Space Station and .947 FT’^/day for Shuttle was 
divided by the compactor volume of .47FT3 to determine the uses per day. Prior to 
tying the waste storage bag liner a. sterilant capsule is placed into the bag. 

After tying, the capsule is broken releasing the sterilant gas. 
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APPLIANCE CONCEPT BEQUIREIUHTS WO PEflALTtES CALCULATIOHS 

CONCEP T }/Pf>^nA>/)C.rO/^ INDEX NUHBER_,g, Z, f 


t 


E L E C T R 

i C A L 

POWER 

££2!iiE£!ll. 

H I S 





‘ 


AC . P 0 W E 

R 

0 c 

POWER 


COMPONENT 

(REF) 

OSE^HE 

CYCLE 

(HR) 

© 

PEAK 

(WATTS) 

© 

AVERAGE 

(WATTS) 

OEHANO 

(WATI-HR/ 

CYCLE) 

©xd) 

© 

PEAK 

(WATTS) 

AVERAGE 

(WATTS) 

© 

OEHANO 
(WATT -HR/ 
CYCLE) 

(3)x(2) 

y/!Li/^ 


.Of 6.7 


— . , 

. 

^ . 

g- 


Ar>ur/2ocL(^. 

.rOL^lL 

- — 

_ 


P, . 


.03^ 


HAXIHUM ' 


TOTAL 


la. 


MAXIMUM 


■xZ67.. 

TOTAL 


R£2ili£I.!iiN 1 1 




LATEHT 

{BTU/HR) 


V SOURCE 

t/AC _=i 


SENSIBLE 

(BTU/HA) 

/V<gg.- 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 


TOTAL 


MATT (BTU/HR) 

» 




WATT (BTU/HR) 


WATT (BTU/H.T) 


WATT (BTU/HR) 


SOURCE 


OPINATI^OHAL PiNALliES 
HEAT LEAK "“^”“'>0 COOLANT 

(BTU/HR/CVCLE) (BTU/HR/CTCLE) (PK WATTS/CYCLE) (L8/MISSI0H) 


• VOLUME 
(FTVMISSION) 


L ^ '■Ji' 


TOTAL 


MATTS/CTCLE 

(BTU/IIR/CYCLE) 


WAtTS/CYClE 

(BtO/Hit/CYCLE) 


KG/MISSION 

(LB/HISSJOH) 


H'/HlSSlOH 
(fl '/MISSION) 
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APPLlAtiCE CONCEPT PEQUIREMENTS AND PENALTIES CALCULATIONS (CONCLUDCD) 

CONCEPT //(fOMP/fr.mjerJS/ £ P/2tSSU/Z<r index HUHBER S,Z.4.i 


Hi. SkaUiREMEHTS 


COMPONENT (REF) 

(/7o ) 

/> A/r- s ) 


UEIGHT 

(LBS) 

JZ5L 


VOLUME 

(nx) 

J2L-.S-. 






TOTAL 


i 3&.CA (7'7.ZS) 

. ■ KG (LBS) 


.oa-5 

hMtmP 


SOLID iXPSliOABLE H I/VOL 


TYPE UNITS/CVCLE(R£F) 

UJPSTG- STZX&D^f^ .2/g f/70) 

3m- ! 


VT/UNIT (SEF) 
(PKG.WT/UN]T)(REF) 
(LB) 

t. Z SijC J7oJ 


WT/CVCLE 

<i)X(|) 

(lbT 

■C2^-£, 


® 

VOL/UNIT (REF) 
(PKG.VOL/UNIT)(REF) 
(RJ) 

, OZ ^ -L/7o). 



,. < Pj2S^ 


TOTAL ITT/CYCLE 
(LB) 


£ ® - » Q o SS. 

TOTAL VOL/CYCLE 


(FT3) 


° 2.0 ( X tlo.ST X . 

CYCLES/DAT DAYS/HISS'iON TOT.WT/CYCLE 

' ' (LB) 

TOTAL VOL , — ■ ' 

HissloN ■ 2 . 0 t X 'Z.Q. ^ X . O OSZ. 

CYCLES/DAY DAYS/HlSSIOti ToT.VOL/CYClE 

' ■ (FT3) 


/. ip/^ 


KG (18)’^ 

hT-TTtV 



TYPE 

-AM 


£AS/Li9UI.D expendables RiaHiREMENTS 

® ® 

RECOVERY 

FACTOR 


® 

AHT.USED/CYCLE{REF) 

(LB) 


AHT.HECOVERED/CYCLE 

%? 


AHT LOST /CYCLE 

®-® 

•{Lfl 


■f 


"TOT At WT* 




cycle/daY 


4 

X ______ - 

0SVs7hISSI 0H tOTAL LOST/CyCLE 

Ct (3s (LB) 


2® 


(e ® 


KG (LB) 
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SPACECRAFT ■ Shuttle • 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Management 

APPLIANCE FUNCTION Fv-ocessing > 

APPLIANCE CONCEPT NO. /TITLE ' 2/Compactor- Vacuum 

•INDEX HO. 3. 2.4. 2 REF. NO. 203,123,170,270 . 

DESCRIPTION The compactor-vacuum concept is identical to concept^! with the 
exception that a vacuum is used to apply the compaction pressure. The maximum 
pressure available is 14.7 psi, therefore, using the same size compactor, the 
compression ration will be 0.35. The uses per day is the same as concept 1, how- 
ever more bags will be used per mission due to the lower compression ratio. Cabin 
air is lost each time the unit is vented to vacuum. Venting overboard was allowed, 
since the cabin air is not contaminated. 
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APPLIAHCE concept BEQUIREHCNrS At!D PENALTIES CALCULATIONS 

CWICEP T ^ t/A dULfyn I'lUEX NUMBER 2 . 4., 2 


CaiPOMEHT (REF) 

('?o^/r/2ocL(-w. 


ELECTRICAL 

POWER 

E£ 4 u ia 

E H E » T S 





AC. P 0 H 

E R 

D C 

POWER 


USE^HE 

© 

© 

oehAho 

© 

© 

(?) 

OEMANO 

CYCLE 

PEAiC 

AVERAGE 

(VIATT-HR/ 

CYCLE) 

PEAK 

AVERAGE 

(WATT -HR/ 
CYCLE) 

(HR) 

(UATTS) 

(WATTS) 

®!fC 3 ) 

(WATTS) 

(WATTS) 

®X 0 

.0/67 


— 

. 

S.. ■ 

R 

_J^4r 

.0/67 

— 





, ._3 

z. 



* 


4 

• 


/o 

« 


MAXIMUM * 


TOTAL 

MAXIMUM 


TOTAL 

. • 



* 


* 

r 


THERMAL 

’ LATENT 

’ ^ SOURCE CBTU/HR) 

\/AL 


EOUIREHEHTS 


- 

SENSIBLE 

HEAT LEAK 

TO COOLANT 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 



, 


\ 


TOTAL 

_ . 

« 

/tZ/pT?;. 





WATT (BTU/HR) 

WATT (BTU/HR) 

WATT (BTU/HR) 

WATT (BTU/HR) 


u 




f 


SOURCE 



: — I 


f 

operational PEHAkTIES 


HEAT LEAK 
(DTU/HR/CYCLE) 


THERHAL 

TO COOLANT 
(DTU/HR/CYCLE) 


ELECTRICAL VEIGHT 

(PK HATTS/CYCLE) (LB/KtSStON) 



• VOLUME 
(FT’ /mission) 




TOTAL • ______ 

WAnS/CYCLE MATTS/CYCLE KO/HISSION M'/MISSION 

(DTU/HR/CYCLE) (OIU/HH/CYCLE) (LO/HISSION) (f I '/MISSION) 
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APPLIAUCE CONCEPT REqUIRDIENTS AND PENALTIES CALCULATIONS (CONCLUDED) 

CONCEP T 7J(Bs>mP/}cra/? " index number 


fixed HiiillI/vokt!.!ii fLiaiLiii!i£!!.Is 


COMPONENT (REF) 

(//^ccoPeS> (/7 a) 

iLo/f:srir 


UEIGIIT 

(LBS) 

_2£: 


3.15^ 


VOLUME 

(FT’) 


^3S8 


TOTAL 


■33,1 (tsTts) 


,oS^ (3JG) 


KG (LBS) 


M3 (FT3) 


SOLID iXPENDABLE W T/ V 0 L i i £ U i R E H E N T S 


TYPE UNITS/CYCLE(REF) 

^ 


TOTAL m. 

“HnntJir 


TOTAL VO L 
KiSSiON 




CYCLES/DAY 


2. <3/ 


CYCLES/DAY 


VfT/CYCLE 

®(^B? 

2 .g r/7bj 


® 

WT/UHIT (REF) 
(PKG.WT/UK1T)(REF) 
(LB) 


Zo>5 




£d) .09/ 

TOTAL WT/CYCLE 
(LB) 


DAYS/MISSIOn 


jTTW/CYCI 


DAYS/HISSIOH 

I 


TOT*KT/CVCLE 
(LB) 

• ooSl 

TOT. VOL/CYCLE 

. (m), 


® © 

VOL/UNIT (REF) VOL/CYCLE 

(PKG.V0L/UH1T)(REF) ®X® 

(FT') (FT^T 

.Q2.4- {j7o) .OO&l 


T.<3) . 0037 

TOTAL VOL/CYCLE 
(FT3) 


/.7a 


KG (LB) 


:S75] 


.0/0 

m3 (FT3) 


T3m\ 


TYPE 


iAS/LlQUiO expendables iiaUiREHENTS 

© ® 


AHT.USED/CYCLE(REF) 
(LB) . 


RECOVERY 

FACTOR 

A/4 


© 

AHT.RECOVEP.EO/CYCLE 


©X® 

(lbT 

/// A 


AMT LOST/CYCLE 

®-(3) 

•(L^ 

« O3io 


‘i 


£© .03Q 


TOTAL W T. . ^ , 

Til^r • o/ 

ocnToAr 


£© r03C 


2.0 r 3 X , 03 C* m ///-^ + /J //\- " *6 X 5 ' 

bA^HIssToN TOtAL' LbST/CYCLE — -i'Wrr 1 

(2 0) (LB) (r © 
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DESCRIPTION The compattor-motor concept is identical to concept 1 with the 

exception that a motor' is used to apply the Compaction pressure. The motor is 

a linear actuator. The compactor actuation and loading was assumed to be identical 

to concept 1 . *• . . ■ . 

* *1 
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CONCEPT 


WPtlMCC CONCEPT REQUIftCHENrs AND PENM.T1ES CALCULATIONS 

index NOHUEr 


I (i) 


COMPONENT 


£1L£I£1£A|, POWE.R £iau j 


USE Time 

CVCLC 

(HR) 

^141. 


AC ■ POWER 

d> <D 

PEAK AVERAGE 

(HATTS) (WATTS) 


DEMAND 

(HATT-HR/ 

CiCLEy 


DC POWER 


(D (S) oe^o 

PEAK AVERAGE ^cVCLEr^ 

(MATTS) (MAm) ©X0 


J2£5L 

MAXIMUM ' 




MAXIMUM 


I!ii&!lAL £EftlLi£l!l£.NIi 


LATENT 

(BTU/HR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


TO coolant 
(BTU/HR) 


WATT (BTU/HR) 


WATT (SWHR) WATT (BTU/HR) 


MATT .(BTU/HR) 


OPERATIONAL PENALTIES 


SOURCE 


HEAT LEAK ’"'"^TO COOLANT '^'CTRICAL WEIGHT 

(BTO/HR/CrCLE) (BTU/HR/CVaE) (PK WATTS/CVaE) (LB/MISSION) 


• VOLUME 
(PT* /MISSION) 


i-L- 


WATTS/CYCIE WATTS/CYCLE 
(BTU/HR/CYCLE) (BTU/HR/CYCLE) 

B2-401 


KC/HtSSlON MVMISSION 

(LU/KISStOH) (FTVMISSION) 




( 




• £i5/kia!ii& E JL£i££4.i ki i ikau I.R £ m IM T s 
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• SPACECRAFT Shuttle ' 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Refuse Manageme nt 

^APPLIANCE FUNCTION Refuse Processing _____ 

APPLIANCE CONCEPT NO. /TITL E’ 4/Compactor-Manual 

•INDEX NO. 3. 2*4.4 REF. NO. 160 ^ 

DESCRIPTION i The compactor-fnanual concept is a manually actuated piston refuse 
compactor. The manual compactor cannot be the same size as concepts 1 through 3 
because of the creiF/man physical limitations. The concept requires a large amount 
of.qrew time because of its smaller size Increases its uses per day. The design 
utilizes ai piston actuated by a lever which contains a double acting ratchet 
mechanism and a pinion gear which drives a gear rack shaft. By an up and down . 
.pumping action, the piston compacts the refuse. The same waste bag weight and 
volume is assumed for this unit since it processed the same volume of refuse as 

• concepts 1 through 3. * . ' . ‘ ‘ 
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^ . VPUMCE CONCEPT REQUIREHENTS AND PENALTIES CALCULATIONS „ . j 

CONCEP T INDEX NWBER 


iL&£i&i£.&k tasiE * 

AC . POWER DC POWER 


«SEj;iME ® ® 

cvciE peak average 

COMPONENT (REF) (HR) (WATTS) (MATTS) 

tLM 1 


OEWWD 
(MATT- HR/ 


® ® OEHANO 

PEAK AVERAGE ^CTCLEl*^ 

(MATTS) (MATTS) (D*® 


IWXINUK ' 


TOTAL MAXIMUM . TOTAL 


^ SOURCE 

U //1 


THERMAL 

RE5LUIREMENTS 



LATENT 

SENSIBLE 

HEAT LEMC 

TO COOLANT 

(BTU/HR) 

« 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 



TOTAL 


MATT (8TU/HR) MATT (BTU/HR) MATT (6TU/HR) MATT (BTU/HR) 

m 


OPERATIONAL PENALTIES 


1 

SOURCE 

m/a 

THERMAL 

HEAT LEAK TO COOLANT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) 

ELECTRICAL 
(PK MATTS/CYCLE) 

WEIGHT 

(LB/MISSiON) 

Volume 

(ftVmission) 
* * 

* 4 

r ^ ^ . 





. 



. 



TOfTAL 


* 

* 




MAnS/CYCLE 

MATTS/CYCLE 


KG/MISSIW 

M>/MISS10H 



(BTU/IA/CYCLE) 

(BTU/HR/CYCLE) 


(LB/HISSION) 

(FTVHISSION) 
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APPLIANCE CONCEPT RCQUlREHENTS AND PENALTIES CALCULATIONS (CONCLUDE.) 

i mu NUK8ER 






HEIGHT 

(les) 


' KG (LBS) 


•^os 


M* {FT>) 


,®kl£ £lPiE&tiki EI/VOL EEaOlREKINTS 

" " • ” ® ® ® 

O HT/UNIT (REF) HT/CYCLE VOL/UHIT (REF) 

(PKG.HT/UHIT)(REF) (D*<D (PKG.V0L/UN1T)(REF) 

UN ITS/CYCLE (REF) (LB) (LB) (FT’) 


VOL/CYCLE 


V0L/UN1T)(REF) (pX® 

(FT’) mxy 


CYCLES/ DAY 


* 

TOIAL WT/CYCLE 
(LB) 

* X fO JZ. 

mVs/mission tot.wt/cyclE 

(LB) 


X zo*: 


OAYS/mSSION 


fOt.VOL/aCLE 
- (FT»). 


"To^^l/^IT 

(FT>) 

T 7 dT¥~ 7 z 7 zST~ 

KeiLir — — 


■: fir-JFT’l ^ 


£A5/kIft«ia £*EEN0Eiki5. ELaaiEI-tiENli 

m ® <S> 

Bcrnursv AHT.RECOVERfO/CYCL 

AWT.USED/CYCLE(REF) RECOVtKY 


AHT.RECOVERiO/CYCLE AMT LOST/CYCLE 

(p^xd) ®-d) 


TOTAL HT. . 

TflSlON' * X 

CVIlITBW " WVS7HB51W 
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SPACECRAFT Shuttle - 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Refuse Management 


APPLIANCE FUNCTION Refuse Processing 

APPLIANCE CONCEPT NO. /TITL E’ 5/Compactor-Air Pressure w/Shredder 

’INDEX NO. 3. 2. 4. 5 REF. NO. 203, 123, 170, .^70. 202 

DESCRIPTION: The compactor-air pressure with shredder is identical to concept 1 

with the addition of a shredder. Reference 202 stated that dry’ waste can be 
compacted more efficiently if previously shredded.- Reference 123, see curve at 
front of appliance function section, test data does not indicate shredding will 
accoiwnodate any change in compression ratio since the curve becomes asymptotic to 
the force line for this compactor. However, the shredder was added to the air ■ 
•pressure compactor for the purpose, of comparison. The shredder is a commercial 
type used to .shred paper arid could with modification handle moist shredable 
* waste. The units were based on one use for each of 3 meals, 2 scheduled cleanups, 
3 spills (unscheduled), and 3 miscellaneous for paper, books, etc.. The time per 
use was assumed to be 3 minutes. Shredding of solid wastes was not considered 
by this concept. . . • 
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SPACECRAFT 


Shuttle 


HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Refuse * nagement 


APPLIANCE FUNCTION Refuse Processing 


APPLIANCE CONCEPT NO. /TITLE 6/Compactor-Vacuum w/Shredder 


INDEX NO. 3. 2. 4.6 


REF. NO. 203,123,170, 270, 202 


DESCRIPTION : The compactor-vacuum with shredder concept is identical to concept 

2 with the addition of the shredder described in concept 5. The compression 
ratio was changed from 0.35 to 0.2 based on the increase of compacting efficiency 
using a shredder. 
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APPLIANCE CO.NCEPT RCquiREMLNIS AND PLNALIIES CALCULATIONS (CONCLUDED) 
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SPACECRAFT . Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Refuse Management 

APPLIANCE FUNCTION Refuse Processing 

APPLIANCE CONCEPT NO. /TITL E 7/Cotnpactor-Motor w/Shredder 

INDEX NO. 3. 2. 4. 7 ^ REF. NO. 203. I23> 170. 270. 202 

DESCRIPTION : The compactor-motor w/shredder concept is identical to concept 3 
with the addition of the shredder described in concept 5, 




B2-412 


D2-1I856I -3 


KPPLIMCC CONCCPT REQUIftCHCHTS AflO PLnA,. .i CALCULATIONS 


CONCEPT > Af aTaje* uj/S^J&4r/>£HiX^ . INDEX NUMGEN 

E.L&£L&I&&k' £.&“££ il.iiy.lft eke NT s 


ft 0 w E ft 


COMPONENT 

(REF) 

USE^ME 
CTttC ■ 
(Hft) 

PEAK a 
(WATTS) 

(D 

AVERAGE 

(WATTS) 

OEI^tO 

(WATT-HR/ 

pear 

(WATTS) 

<D 

AVERAGE 

(WATTS) 

DE^NO 

(WATT-Hft/ 

cycin 

Ox® 



.oi(n 

'14-S . 


_/2Jl 


— 

- — 

St4&CDD0Z, MQTC^ 


7^^ 

,1^5. 

.SJjZS 





# 


t 


Mto 

lUXlHUH * 


— 

TOTAL NAXINUN .. TOTAL 


« 

IH t R H A L 

REgUlREHEHTS 



lATDiT 

SENSIBLE 

HEAT LEAK 

^ SOURCE 

(BTU/HR) 

(BTU/HR) 

(nu/Mt) 

Mny'dfSi 

« * 


/<i.9.g 

maroe.... 





£o^.a 


TO COOLANT 
(BTU/Hft] 




TOTAL 


WATT (BTU^) 


mo(^.fS) inoj^issj 

WATT {BTU/HR) WATT (BTU/HR) UAH (BTU/HR) 


a 



- 

®E.erational penalties 



. SOURCE 

THERMAL ftECTRICAL 

HEAT LEAK TO COOLANT tLtCiKiCAL 

(BTU/HR/CYCLEj (BTU/HR/CVCLE) (PK WATTS/CVClE) 

HEIGHT 

(LB/HISS10N> 

• V- UHE 

(ftVhission) 

A/fA 


• * 

« 

• 

• 


» 


* 






. 




TOTAL 



WATTS/CYCIE 

MATTS/CYCLE 

KG/HtSSlOK 

H>/HISSI0H 


(BTU/HR/CYCLE) 

(BTU/HR/CYCLE) 

(iB/HtSSION) 

(FT’/HISStON) 


B 2-413 . 


D2-U8561-3 




ATPLIANCC CONCEPT ItCQUIReHEMTS W40 PEfiALTIES CALCULATIONS (CONCLUDED) 

INDEX NUMBER 2.4-7 


* * 


LiiEO «£i£!!I/VOLUH£ R£!llliR£!lENTS 


COMPONENT (REF) 




NEICMT 

(LBS) 

,So.. 


Jzs: 




VOLUME 

(FTi) 


J-* Ca — 

„^2JSL 


c 


TOTAL 


7 /* 5 (I57.Z5) 


KG (LBS) 
SI/VOL 


.131 


M> (FTM 


SfikiD EXPENDABLE WT/VOl RESUIREMENTS 

© (D ^ ® 

© WT/UNIT (REF) WT/CYCLE VOL/UHIT (REF) VOL/CYCLE 

(PKG.WT/UNIT)(REF) ®K® (PKG.V0L/UN1T)(REF) ®X® 

TYPE UN ITS/CYCLE (REF) (LO) (LB) (FT>) TfT’T 

umsirLs}^m>€.,^2jAJ^ _ *oS±^.. .cag^ O? oj ,oo ^ .z=- 

Sms -~ 


TOTAL WT 
'MTSSTON 


TOTAL VOL 
MISSION 


CYCLES /DAY 

Z.of 


CYCLES/DAY 


days/missToh 

DAYS/HISSION 


E<D 

TOTAL WT/CYCLE 
(LB) 

X 


TOT. WT/CYCLE 
(LB) 

X . OOS 'Z 

TOT. VOL/CYCLE 
(FT3) 


E<D 

" TOTAL VOL/OYCLE 
(FT*) 

KG (LB ) ^ 




DiS/kifiUiO expendables REaUiREHENTS 

© 

RECOVERY 


TYPE 


JL0. 


AHT. RECOVERED/CYCLE 


© 

AMT.USEO/CYCLE(REF) _ , 

. (LB) FACTOR (LB 


®X^ 


AHT LOST/CYCLE 

(lbT 




TOTAL WT. . 

nTsawr • 


z:® 


X X‘ 

"milTWV ”D5Ys7HTssI0r“ TffTAn.osTTCYCiT 

(E 0 


E® 


(LB) 


(E 0 


Tq (lb) 


B2-414 





D2-II856I-3 


«• 


SPACECRAFT Shuttle 


^ ' HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Refuse Management 


APPLIANCE FUNCTION Refuse Processing 

APPLIANCE CONCEPT NO ./TITL E B/Compactor-Manual w/Shredder 

INDEX NO. 3.2, 4. 8 REF. Nw. 160, 202 

DESCRIPJION •* The compactor-manual with shredder is identical to concept 4 with 
the addition of the shredder described in concept 5. 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Refuse Managemen t 

^APPLIANCE FUNCTION Refuse Procesr.ina 

APPLIANCE CONCEPT NO. /TITL E 9/Integrated Vacuum DecompositTQn/Shredder 

INDEX HO. 3.2. 4. 9 RtF, NO. 100. 250 

DESCRIPTION: The integrated vacuum decompositi on/shredder concept utilizes 

vacuum and high temperature to decompose the refuse materials into gaseous 
products which can be exhausted to vacUum. The shredder is required to expose more 
refuse area to increase the decomposition efficiency. The chamber requires cool- 
down period. The process does not require oxygen; however, requires power to 
sustain the chemical process for 21 hours. Two units were assumed based on the 
refuse volume and the 12-hour cooldown time required by the unit (one unit can 
be used once per day). Incinerable collection bags with a hydrophobic patch 
were used to eliminate the maintenance and microbiological problems of filter 
replacement, since clogging is not anticipated with collection bags which are 
replaced every 24 hours. The residua! ash was not considered as a concept 
penalty. 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Refuse Management 

APPLIANCE FUNCTIO N Refuse Processing 

APPLIANCE CONCEPT NO. /TITLE 10/Flush Flow Oxygen Incineration/ Shredder 

INDEX NO. 3.2.4.10 REF, NO. _250 

DESCRIPTION : The flush flow oxygen incineration/shredder concept utilizes a 

continuous oxygen flow to the collection chamber for the 12 hours required for 
Incineration. The refuse is collected/shredded and inserted into the chamber, 
sealed in the chamber {no vent to vacuum), heat is applied for a specified time 
period. The resulting sterilized/ vaporized gas and vapors are exhaust to space. 
The valve is left open and heat is applied to bring the incineration temperature 
to 1000°F, while a controlled flow of oxygen is continuously supplied to the 
chamber. The incineration process takes approximately 12 hours with 97 to 99 
percent reduction in refuse volume. Twelve hours are allowed for cooldown 
requiring two units per vehicle. The collection bags described in concept 9 are 
also used for this concept. 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Refuse Managemen t 

APPLIANCE FUNCTION Refuse Processing 

APPLIANCE CONCEPT NO. /TITLE 11 /Pyrolysis/Batch Incineration/Shredder 

INDEX NO. 3.2.4.11 REF. HO. TOO. 250 

DESCRIPTION-' The pyrolysis/batch incineration/shredder concept utilizes a 
three-step process to minimize oxygen consumables. The shredded refuse is 
heated to 250°F and held at this temperature for 30 minutes to ensure sterilization. 
The vent valve is then opened and the water is flashed to space as a vapor. The 
chamber is then heated to 1200°F, with the vacuum valve remaining open, and the 
wastes are pyrolytically decomposed (vacuum decomposition) and the gases are 
vented to space. At the end of the pyrolysis process, the vent valve is closed, 
the chamber is charged with oxygen, and several batch incinerations are performed. 
The batch incineration step also reduces the ash residue from 12 to 2 percent of 
the total wastes processed. After final venting to space, the chamber cooldown 
takes 12 hours. The pyrolysis/batch incineration process is identical to the 
schematic shown for concept 10. The pyrolysis/batch incineration takes 12 hours. 
The collection bags described in concept 9 are also used for this concept. 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Refuse Managemen t 

APPLIANCE FUNCTIO N Refuse Processing 

APPLIANCE CONCEPT NO. /TITL E 12/Wet Oxidization/Shredder 

INDEX NO. 3.2.4.12 REF. NO. 100* 250 

DESCRIPTION ; The wet oxidization/shredder concept is a moderate temperature, 
high pressure catalytic process. The system employs an insulated chamber similar 
to the incineration and decomposition concepts. Shredded refuse treatment is 
accomplished by charging the, chamber with 500 psla oxygen at ambient tenperature 
and applying heat to bring the chamber up to oxidation temperature. The final 
pressure and temperature are approximately 1750 psia and 500°F. The advantage 
of the wet oxidation process is the production of water which can be processed 
and reused in the spacecraft. The system requires a high pressure oxygen source, 
assumed in this study as a compressor. A stirrer would enhance the wet oxidation 
process, but was not considered in this study due to lack of engineering data. 
Based on two data sources, the process was assumed to take 21 hours, most of 
which is cooldown time (10>s to 6 hours). The collection bags described in concept 
9 are also used for thi.s concept. 
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HABITABILITY SUBSYSTEM 

3.0 

Housekeeping 

HABITABILITY FUNCTION,^ 

3.2 

Refuse Management 

APPLIANCE FUNCTION 

3.2.5 

Refuse Disposal 


NUMBER OF CONCEPTS CONSIDERED 


ASSUMPTIONS 

(1) Refuse disposal includes concepts most likely to be used on near term 
spacecraft. The concepts consider vacuum storage, static onboard storage, and 
jettison to earth for aerodynamic incineration. Disposal of refuse using rockets 
to the sun was not used, since radioactive wastes’ were not considered by the 
study. 

(2) The refuse volume and weight is based on those tabulated in Table 62-6. 

(3) The uncompressed volume of trash was used to size all of the concepts. 
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SPACECRAFT 


Shuttle 


HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Refuse Manageme nt 

APPLIANCE FUNCTION Refuse Disposal 

APPLIANCE CONCEPT NO. /TITL E 1 /Vacuum Storage 


INDEX NO. 3. 2. 5.1 


REF. NO. MacDac, 283. 297 


DESCRIPTION : The vacuum storage concept considered was the same as used for 

Skylab. The Skylab airlock was used as the means to deposit refuse into the 
vacuum storage tank. The vacuum environment stops bacterial growth in the refuse. 
The internal volume of the airlock is 4.3 ft^ and was used to calculate the cabin 
air lost during each airlock refuse disposal cycle. The vacuum container was 
assumed to be a 10.4 foot diameter spherical tank fabricated of 6061 aluminum. 

The 10.4 foot diameter tank can be accommodated in both the Space Station and 
the Shuttle payload bay. Aluminum, 6061, was chosen as a material for the following 
reasons: (1) inexpensive, (2) easy to work, and (3) good weldability. The 

tank was assumed to be a pressure vessel with a maximum working pressure of 
14.7 psi. The number of uses per mission was based on the size of Skylab disposal 
and trash bags. The trash bags are fabricated of a material which will retain 
water, but will also allow the bag to breath to allow pumpdown of the refuse to 
the vacuum pressure of *the tank. Operation of the airlock was assumed to be 2 
minutes per cycle. 


LOADtNC/EOtJAUi?E PnESSURE 


TRASH BAG SEALED 
READY FOR PLACE^AENT 
IN TRASH LDCK- 


LID LOCK{UNlATCHEO POSITION) 


’ VACUUM SHUTOFF 
VALVE (OPEN 
THROUGHOUT r.liSSIQN)- 


*L10 LOCK 
UATCHEO 
POSITION) 

VAtVE.'OUTER^ 
DOOR HANDLE 
(CLOSE VINT 
POSITION) — 


VENT TO VACUUM 






ahkN^outi 


^ EJECTOR mechanism 
(HETHACTEO) 

-EJECTOR HANDLE 
(RETRACT POSITION) 


-VALVE /OUTER ODOR 
HANDLE (PRESS POSITION) 


TRASH BAG EJECT 


EJECTOR HANOLE' 
(EJECT POSITION) 





WASTE TANK x.*OUTEH DOOR 
TRASH BAG READY (CLOSED POSITIO^ 

FOR EJECTION / 

(RESTRAINED BY TABS) 

VALVE/GUTER 
DOOR HANDLE 
(OPEN POSITION) 

EJECTOR 

's,, mClIANISM 

(EKTENDEO)-^ / 





-OUTER DOOR CLOSEO 


OUTER ODOR OPEN • 


TRASK BAG IXCTED- 


WASTE TANK 


B2-436 


Q2-II866I-3 


AWUAHCE concept KEQUIRtHENIS AND PENALTIES CALCULATIONS 


tNOEX NUHBEH t 


i 


COMPONENT {REf) 

— — =- 


ItLCliiCAL EOMER RCaUiElMLNlS 



A C 

. POWER 


0 € 

P 0 W E 

R ^ 

o$xS]U. 

CYCLE 

(HR) 

CD 

PEAK 

(WATTS) 

CD 

AVERAGE 

(WATTS) 

■(*)“ 

DEMAND 

(WATT-HR/ 

CYCLEl 

PEAK 

(WATTS) 

© 

AVERAGE 

(WATTS) 

DEMAND 

(WATT-HR/ 

CYCLE) 

CD*® 



HAXinUH 


lOTAl MAXIMUM 


TOTAL 


SOURCE 

C 


THERMAL 

REQUIREMENTS 



LATENT 

SENSIBLE 

HEAT LEAK 

TO COOLANT 

(BTU/HR) 

(BTU/HR] 

(BTU/HR) 

(BTU/HR) 


TOTAL : 

WATT (BTU/HR) WATT (BTU/HR) WATT (8T0/HR) WATT (BTU/HR) 


OtEEiliONAL PENALIili 


SOUMX 


THERMAL 

HEAT LEAK . TO COOLATfT 

(BTU/BR/CTCLE) (BTU/HR/CYCLE) 


ELECTRICAL WEIGHT 

(PK WATTS/CTCLE) (LB/MISSION) 


VOLUME 

(FT* /MISSION) 


! 



T«T«- 

WATTS/CTCLE WATTS/CVCLE 

{BTU/IIH/CYCLE) (BTU/HR/CYCLE) 


KG/HISSION H*/M|SSION 

(LO/KISSIOK) (TT'/HISSIOH) 


B2-437 



KC (LBS) 


,2SZ. 


(FT>) 


SOLID 


UN1TS/CYCLE(REF) 


Ei£.I!lfi. 4 BLE HI/VOL EL4!ilE.i!ii!ili 

~ ® ® ® 

KT/UNITlREF) WT/CYCLE VOL/UNIT (REF) 

(PKO.HT/UNITHREF) <bx(l) (RKG.VOL/UNIT){REF) 

lEF) (LB) (LbT (FTJ) 


VOL/CYCLE 


TOTAL «T. . 

Tfissrar ■ 


TOTAL VOL 
■ WSSIOM 


cvaes/DAY 


X X 

OAYS/HISSION 


X X 

EtclkTBSy days/hissTon 


DIAL WT/CYCLE 
(LB) 


TOT.VOL/CYCLE 
- (FT>) 


TOTAL VOL/CYaE 
(FT 3 ) 


• £4S/tillli& iiEiiLDABLiS R la y.I£i!li!lli 

® ® 

® trrnuFnv AMT.RECOVE^/CYCLI 

AMT. USED/CYCLE (REF) RECOVERY 


AMT.RECOVEREO/CYCLE 

(Dx@ 


AMT LOS^CYaE 


TOTAL WT, 
"WSSlOfl 


Z. 34 - (ST ./5 


S/KISSfOl 




Si 







02-1I3561 -3 


• * 


SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Refuse Management 

APPLIANCE FUNCTION Refuse Disposal 

APPLIANCE CONCEPT NO. /TITLE 2/Storage Bin/Container 

INDEX NO. 3.2.5. 2 REF. NO. 170 

DESCRIPTION 5 The storage bin/container concept employs a locker to store the 
refuse. Sterilant capsules were assumed for retarding the bacterial growth. 

The refuse was assumed to be collected by bags (Skylab, or equivalent* and 
transferred to the storage locker. A concept provides a sterilant capsule for 
each bag of refuse stored in the locker. The. capsules used for the study were 
2.25 grams each with a volume of .33 cubic inches. The walls of the storage 
locker were assumed to be aluminum. Sizing of the locker was based on the 
refuse volume including the storage bags. ’ 
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SI’ACrCRAI'T Shuttle 

HAIHIADJUTY subsyste m Housekeeping H ABITABILITY FUNCTION Refuse Management 

AI’FLIANCC FUNCTIO N Refuse Processing 

APH-IANCE CONCEPT NO./TPLE 3/Solid Propellant Refuse Rocket 

INHEX HQ. 3,2. 5.3 ^ REF. HO. ^ 202 

DE SCRIPT I OH- The solid propellant refuse rocket concept utilizes a rocket to 
jettison refuse to earth for aerodynamic incineration. The study assumes the 
refuse is jettisoned from a 300 nautical mile orbit using an incremental 
velocity (AV) of 434 feet/second to alter the rockets velocity to cause it to 
reenter the earth atmosphere. Atmosphere drag at the 300,000 foot re-entry 
altitude chosen for the calculations (reference 202) is of such magnitude as to 
cause the trajectory to degenerate rapidly. The equation for a minimum energy 
Hohniann transfer ellipse were used for determining the required velocity incre- 
ment for reentry. A solid rocket was chosen because a solid rocket is easy to 
use and transport, and may be fired with simple electrical circuits. The ability 
of. solid propellants to withstand long storage periods at extremes in temperature 
and pressure without attention is also a benefit. for this type of application. 

The solid rocket in this application is superior to a liquid rocket in total 
impulse to total weight ratio primarily because of the greater energy per unit 
volume. Therefore, less dead weight structure is required to carry the propellant. 
The size, of the rocket was based on the total refuse volume compressed by a 
compactor to minimize the rocket volume. The concept was penalized for a 
compactor with a compression ratio of 0.2. (Air Pressure Type). 


Waste Rocket 
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Launch Tube for Spin Ejecting Waste Rocket 
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i . HABITABILITY SUBSYSTEM 3.0 Housekeeping 

j 

1 HABITABILITY FUNCTION 3.3 Garment/Linen Maintenance 


APPLIANCE FUNCTION 3.3.1 Garment/Linen Washing 


NUMBER OF CONCEPTS CONSIDERED 10 


ASSUMPTIONS 

A number of references were found which present data for various clothes washer 
and dryer conecpts (Reference 70, 90, 91, 100, 127, 161, 171, 185, 202, 237 
and 245), These references were reviewed in detail, and the engineering data 
from each examined. It was soon found that much of the data did not agree. 

The primary reason for discrepancies was that the data were mostly very sketchy, 
without detailed breakdowns to define the data. For example, the clothes 
washer weight in one reference would include the agitator tub only, v/hile 
another would inlcude peripheral equipment such as water accumulators, pro- 
cessing equipment or other miscellaneous items. One reference was found (#90) 
which contained all the* concepts found throughout the other reports and pre- 
sented the data for each in a consistent manner for direct comparison. There- 
fore, it was decided to collect all the clothes washer and dryer data for this 
study from Reference 90. 

All the clothes washer and dryer engineering data used for Space Station were 
used directly for Shuttle also after adjusting for the crew size of 4 men (Space 
Station crewman-6 men). With this ground rule, the following assumptions were 
made: » • . 

1. Two clothes washings per day 

2. Maximum washer clothes load 1.21 kg (2.67 lb.) 

3. Water usage for the automatic concepts was 16,63 kg (36.67 lb.) for washing 
and 16.63 kg (36.67 lb.) for rinse 

4. Rinse water is temporarily sotred and reused as wash water 

5. No water recovery system is available 

6. Concepts are penalized for the weight of wash water, 16.63 kg (36.67 lb.) 
used each washing 

7. Wash/rinse time is one hour 

Only the total weight/ volume, power, etc. penalties for each concept are included 
in the data worksheets. As explained above, these are taken from the Space Station 
washer concept data and multiplied by. 4/6. For a detailed breakdown of the penalties, 
the Space Station worksheets should be consulted. 
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APPLIANCE CONCEPT COMPONENT SUMMARY MATRIX 
APPLIANCE FUNCTION: 3.3.1-GARMENT/LINEN/WASHING 
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DIRECTIONAL SQUEEZE (pg. 24) 

WATER SPRAY AGITATED (pg. 36) 

ULTRASONIC WASHER. (pg. 38) 

MANUAL washboard (pg. 41) 

PLAIN RECIRCULATION (pg. 45) 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTEM Housekeeping 


Garment/Line 
HABITABILITY FUNCTION Maintenance 


APPLIANCE FUNCTION Garment/Llnen Hashing ^ 

APPLIANCE CONCEPT NO. /TITL E 1/Mechanical Oscinatlon 

INDEX NO. S.'S. 1.1 RLF. NO. 90 

DESCRIPTION ^ 

This concept is similar to a conventional washer. A central agitator provides 
the washing either by rotational or translational oscillation. A high-speed 
rotation extracts wash and rinse water and Is used to spin dry the clothes 
before final drying. 
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A C P 0 W E R 0_C P_0 HER 

i9m (z) (3) Dri^tD (D (6) 

AVERAb*. 


COKPONENT 

AfaJylL^ 


USEJJNE, 

CYCLE 

(REF) (HR) 

0 






Altai 


-a:drr 


± 


± 


'(TT 

OEHANO 


® (3) DFHA-tD ® 

PEAK AVERAGE ^CYCUr^ AVERAu*. CYCUr^ 

(WATTS) (WATTS) ®X(i> (WATTS) (WATTS) ®X(7) 


JSO, 

HAXIKUM 


TOTAL 


HAXIHUM 


TOTAL 


IKl&litk B.E au 1 R iM £ N T S 

LATENT SENSIBLE HEAT LEAK TO COOLANT 

SOURCE (STO/HR) (8TU/HR) (BTU/HR) (BTU/HR) 

( ; 

; 

te-o^.or i — 


TOTAL 0 

WAn (BTU/HR) 


WAH (BTU/HR) 


WATT (BTU/HR) WATT (BTU/HR) 


SOURCE 


0 P £ & A I 

iSNAL PENALIiES 



THERMAL 

HEAT LEAK TO COOLANT 

ELECTRICAL 

HEIGHT 

VOLUME 

(BTU/HR/CYCLE) 

(BTU/HR/CYCLE) 

(PK WATTS/CYCLE) 

(lb/mission) 

(ftVhission) 


» 


p-*i- 


TOTAL 

WATTS/CYCLE WATTS/CYCLE 

(UTU/IIR/CYCLE) (BTU/HR/CYCLE) 


KQ/HISSIOH H>/HlSSIOM 

(LB/HISSJON) (IT ‘/MISSION) 
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SPACECRAF T Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION 

APPLIANCE FUNCTIO N Garment/ Linen Washing ^ 

APPLIANCE CONCEPT NO./TITL E 2/F1uid1c Agitation ' 

INDEX NO. 3. 3.1. 2 rEF. NO. ^0 


Garment/Linen 

Maintenance 


DESCRIPTION 

In this concept » water is sprayed through a central ^column of stacked fluidic 
switches which direct water in alternating directions through jets. A high- 
speed rotation extracts wash and rinse water, and Is used to spin-dry the 
clothes before final drying. 
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LATENT 

SENSIBLE 

HEAT LEAK 

TO COOLANT 

SOURCE 


(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 



WAn (BTU/HR) WATT (BTU/HR) ' WATT (BTU/HR) WAH (BTU/WR) 
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APPLIi'iNCC CONCUT REQUIREMCrtTS AND PENALTIES CALCULATIONS (CONaUDEp) 

CONCEPT F Ini flic {Jal^ /y4i6n INOM HtweE N 3 . 2> . U ^ 


WEIGHT VOLUME 

COHPWEMT (Rff) (LBS) (FT’) 



Jiujiip : — : ^ 



V ing 

i.-'Anx. , : 

,P<\ck.,fi2in.g ! ^ * 

; ' 


0*zH (^2.3) I 

«3 (n3) 


' SOLID iXPENDABLE M I/VOL RtaUIREMENTS 

>is MT/UNtT (REF) 

'i' (PKG,HT/UNI.T)(REF) 

TYPE UNITS/CYCLE(REF) (LB) 

J^g-Zcp^gfr-// I j 

<$ e.rJM,;.cK/6 • HI 


WT/CYCLE 

(Dx® 

(lbT 


® 

VOL/UNIT (REF) 
(PKG. VOL/UN IT) (REF) 
(FT3) 


VOL/CYCLE 


TOTAL 


fTg.5 


KG (LBS) 


E® 


TOTAL WT/CYCLE 
. (LB) 


r(D_,.iiaL3 

" total VOL /cycle 

(FT3) 


TOTAL HT. , 
mTsTOiT 


X 

X 

1“ ^ 


CYCLES/DAY 

DAYS/KISSION 

TOT.WT/CVCLE 

(LB) 

KG (lb) 

TOTAL VOL . 
MISSION __ 


X 

X 

1 0,0015 60 537 1 

■ ' 

CYCLES/OAY 

DAY5/mSSlON 

TOT.VOL/CfClE 

(FT3) 

ifFTfTT 


£4i/kifiliia ' kifiNfi&ikES Ri9.!iiil.tl£!i.li 


TYPE 

Waik U/CL^PIr 

1 tir.se 


AMT.USED/CYCLE(REF) 

(L8) 


RECOVERY 

FACTOR 


AHT.RECOVEREO/CYCLE 


E® . ,- 74 S 


E® 


AMT LOST/CYCLE 

Q-® 

(LB) 


» 




TOTAL WT. , 

“Mwor ■ 


• tVCLE/oAV 


X 

dRysThTssIon 


TOTXtrrOST/CYCLf 
CB 0 



ce (9 


7K 0s?4 

KG TLB) 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION 

APPLIANCE FUNCTION Garment/Linen Hashing ^ 

APPLIANCE CONCEPT NO. /TITL E 3/Piston Agitation 

INDEX NO. 3.3-.1.3 r^F. NO. 

DESCRIPTION 


Garment/Linen 

Maintenance 


In this concept, two pistons are actuated alternately to pump wat^r back and 
forth within the drum. Screens are added to increase turbulence and to con- 
tain the clothing within the drum. 

Since there is no spin-dry capability, it was assumed, as recommended in 
Reference 90, that 0.91 kg (2.0 lbs) of water are left in the clothes over 
and above the water left by the other concepts after spin-dry. Therefore, 
a dryer penalty was assumed to handle this added water. For this purpose, 
the dryer concept 3. 3.2.1 was assumed (forced hot air electric) since it had 
already been selected in the past' (Reference 237) to build a prototype clothes 
dryer. Since the dryer penalties were based on removing .302 kg (.667 lb) of 
water, and this washer. concept has 0.91 kg (2.0 lb) extra water to be dried, 
all the penalties for dryer concept 3.3.2. 1 were multiplied by 3 and added to 
the penalties for this clothes wash concept. The peak electrical power and 
thermal requirements were the maximum for the washer and assumed dryer rather 
than the sum of the two. 
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^ APftlANCt CONCtPr RtQOIHtMtNrs AND RNALTIE5 CALCULATIONS n n \ n 

CONCEPT / / •.•/t.h n g / INDEX NUHBER .*». 3. ],3 

f Zl,p.r.) 

' ItlCTRlCAL POWER SI.ftM.iRtSE.NTS 


COMPONENT 

,,VcJ.iO-ex: 
■ M clor.T 


AC ■ POWER .D_C„ P_OW_EJI. ^ 

USE^ME © © OE^D ® ® OEMAJIO 

CYCLE PEAK AVERAT.E ^cvCLEl”^ AVERAGE *cvCLEr^ 

(REF) (HR) (WATTS) (WATTS) ®XQ) (WATTS) (WATTS) CD*® 



IHERHAL StftUiREMENTS 



* 

LATENT 

SENSIBLE 

HEAT LEAK 

TO COOLANT 

SOURCE 


(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

(BIU/HR) 




WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) WAH (BTU/HR) 


OPERATIONAL PENALTIES 


SOURCE 


THERMAL 

HEAT LEAK TO COOLANT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) 


ELECTRIC'L WEIGHT 

(PK WATTS/CYCLE) (LB/HISSION) 


VOLUME 

(ftVhission) 



(blU/HR/CYCLE) ’ (BIU/HR/CVCLE) HBi DC (LB/HISSIOH) (nVMlSSION) 
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CONCEPT 


APPUWiCE CONCtPT REQUIREMENTS A-NU PENALTIES CALCULATIONS (CONCLUDED) 

jj^iLoh indek umm U ^ 


COMPONENT 


til?. £ WEIGH T/VOLUME EiQmtitllNTS 

WEIGHT 

(RCD . (IBS) 



TOTAL WT/CYCLE 

(Lfi) 


TOTAL VOL/CYCLE 

ifV) 


CYCLES/DAY 


CVCLES/DAY 


X X 

Bays/mission tot.wt/cYcle 

(IB) 

X X 

DAYs/msslOH totTvoi/cycle 

(FT») 


iS“fi-D' ^ 

o.oots C. 05 i 5 I 

h 3 (FfT 


EXPENDAikii BEaUiREHENTS 


CD 

AHT.USED/CYCLE(REF) 


RECOVERY 


AHT.RECOVERrD/CYCLE 


AHT lOST/CYCLE 
®-6 


X X 

'ITiXDW “GATs/HlssfoM TiJfSl iosT/cyclC 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION 


Gartnent/Linen 

Maintenance 


APPLIANCE FUNCTION Gartnent/Linen Washing 


APPLIANCE CONCEPT NO. /TITL E 4/Cyclic Valve and Pump 

INDEX NO. 3. 3. 1.4 rEF. NO. ^ 

DESCRIPTION 


This concept is identical in operation to #3 (Piston. Agitation), except that 
the water pumping is accomplished by a pump and cyclic valve rather than opposing 
pistons. Screens are included to contain the clothing within the drum as well as 
to increase turbulence. 


No spin-dry capability was assumed, just as in concept #3, and again 0,91 kg 
(2.0 lb) additional water was assumed to require drying. This was handled in 
the same manner as was explained in concept #3; thus, all the penalties for dryer 
concept #3. 3. 2.1 were multiplied by 3 and added to the penalties for this clothes 
washer concept. 


■I 

4 
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. APPLlAriCt COHLLPT KCQUIREMEMTS W*0 PCNAlTItS CALCULAMOfJS o -J 4 il 

coNcePT T / c lie ^ Puhu> imx NUMBER^ i* 3...LJ; 


(l?ff ?0 ^2-V,30 

' E L t C T 


k t c.l E J. S. * k E ft “ k E E ? 1 ft i E k M k N I i 


Ca>1P0NENT (REF) 

.ViiJUxtCi^ 


(p 

■ TIM 


ySEjjjiE 

CYCLE 

(HU) 


A C p 0 WE R 


© 

PEAK 

(WAFTS) 


© 

AVEttASE 

(WAITS) 


OEI^D 

(WATT-HH/ 

CVCLE) 

<t)X@ 


0 C 


POWER 


© 

peak 

(WATTS) 


© 

AVERAGE 

(WATTS) 


DEKANO 

(WATT-HR/ 

CYCIET 

0 )*© 


Sl± 


HAXIHUM 


total 


0 


MAXIMUM 


TOTAL 


SOURCE 

C ^ky/rticT-lLCfli. 

..Tjeuiuj 


lEkEMAL EiftUlEkEkEIs 


LATENT 

(DTU/HR) 


SENSIBLE 

(BTU/HR) 


HEAT leak 
(BTU/HR) 


TO COW.ANT 
(BTU/HR) 


TOTAL 


0 


matt (BTU/HR) 


90Z (30.7?J 9pz .1^^?) 

watt (DTU/HR) WATT (BT>J/HR) 




WATT (BTU/HR) 


SOURCE 


OPERATIONAL P k K E >- 1 1 i i 


THERMAL 

MEAT LEAK . TO COOLANT 

(BTU/HR/CVCLE) (BTU/HR/CYCLE) 


ELECTRICAL WEIGHT VOlUHE 

(PK MATTS/CYCLE) (LB/MISSION) (FlVWSSION) 


. 'iGsuvvircl -!>o 


' 

2. 1^1 ■*, 



n L j C _ 



cxi^e-vr.jAe c Pim 

* 



total Ac. 

WATTS/CYCLE^ WATTS/CYCLE ^ KG/HlSSlOH ' M’/HISSION 

(ISTU/IW/CYCLE) (BTU/HR/CYCLE) t 5Y 3^ C. (LB/HISSION) (f Ti/MISSION) 
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CONCEPT 


APPLITiNCE CONCEPT REgol«EraNT!> AND PENALTIES CALCULATIONS (CONCLUDED) 

INDEX NUMBER 




K r 


lixia KEiauT/y. akiitii PkaaiSEHCNTs 

WEIGHT VaUHE 

COMPONENT (REF) (LBS) (FT»> 

■E.g^-Ic. — wJU'ii.c.i: 

■Si. . A>Lr.iLif.iL,L’.i: wl : ^ 


Vftivi 

AsLoi-i-X i. 



yc.r:V?,;‘,it:j 

h\ f S C.E ■: f '1 1 


TOTAL 


s~g - 1 


D.7,H (|2.3) 


KG (LBS) 


H> (FT>) 


TYPE 


iakia liPENDABLE Ki/yoL aiaaiai!ikaii 

® (D © 

/TK WT/UNIT (REF) WT/CTCLE VOL/UNII (REF) 

(PKG.WT/UHITHREF) QX® (PKG.Va/UNII)(REF) 

UNITS/CYCLE(REf) (LB) (LB) (FT’) 


© 

voi/cYaE 


j^sXJXikjJs- 


{ 




TOTAL WT/CVCLE 
(LB) 




TOTAL VOL /CYCLE 
(Hi) 


TOTAL WT. . 
■KTjSIOK _ 







CYCLES/DAY 


OAYS/mSSiON 


tot.ht/cycle 

(LB) 

TOTAL VOL 
MISSION _ 


_ X _ 


_ X _ 


cycle^/day 


DAYS/MISSION 


TOT.VOL/CYCLE 

■CFT’) 


I D. 8 x ~ c7 vc)~n 

KG (LB) ^ 


TYPE 

wY/, 4 er 


&AS/LXaaia ilPiNDAILES 


© 

AHT.USED/CYCLE(REF) 

(LB) 


© 

RECOVERY 

FACTOR 


R E a a I i k H i a I s 
© 

AHT.RECOVEREO/CYCLE 

©XCl) 

aeT 


© 

AMT LOSI/CYCLE 




L® 3.^2_ 


TOTAL HT. , 

Tffs sTOir • X X 

CTCTeTM “Mys/mTssion ^oTSL ioITTCyElT 

a. © 


(LB) 


{£ © 


KG (LB) 
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SPACECRAFT Shuttle ..... 

Garment/Linen 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Maintenance 

Appliance functio n Gament/Linen Washing 

APPLIANCE CONCEPT NO. /TITLE 5/Diaphragni Actuat6d ~ Ona Directional Squeeze 


INDEX NO._ 
DESCRIPTION 


3. 3. 1.5 


REF. NO. 


This concept utilizes compressible diaphragms, operated by pressurized nitrogen, 
to alternately squeeze and soak the clothes. Wash and rinse water are removed 
at the end of each cycle by simultaneously pressurizing both diaphragms. This 
concept has been shov/n to be feasible, but its cleaning effectiveness remains 
to be proven by further testing. 
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CONCEP T . 7 '.111 ~ ont dlircc 4 nral t-fuccva INDtJl WUWBER^ \< 
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* ' £ L L C I R 1 c A L 

POWER 

RCgUiREHE 

Jiii 




• 


AC POWER 

D C 

POWER 



COKPOKENT 

USE^ME (D 

CYCLE PEAK 

(REF) (HR) (WATTS) 

AVERAGE 

(WATTS) 

deiSno 

(WATT-MR/ 

CYCLE) 

©X® 

PEAK 

(WATTS) 

AVERAGE 

(WATTS) 

(?) 

OCMANO 

(WATT-HR/ 

CYClEl 

©XCZ) 




so ,. ,P-_ 

MAXIMUM TOTAL MAXIMUM TOTAL 


5.1 qo E M E N T S 


SOURCE 

( W fLlcirJiCfliJpSS (4 .0V) 
JEiuujj 


LATENT 

(STU/tffi) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 


TOTAL 0 

WATT (BTU/HR) 


S73(r^?7_? ) I73lz^) Q 

WATT (BTU/HR) WATT (BTU/HR) WAH (BTU/HR) 


SOURCE 

a //a 


05155110541 515411111 


THERMAL 

HEAT LEAK TO COOLANT 

(BTU/HR/CTCLE) (BTU/HR/CYCLE) 


ELECTRICAL WEIGHT 

(PK WATTS/CYCLE) (LB/HISSION) 


VOLUME 

(FT’ /MI SSI ON) 


'L. 


TOTAL . 

WATTS/CYCLE * UATTS/CTCLE 
(BTU/HR/CYCLE) (BTU/HR/CYCLE) 


KG/MISSION MT/MISSION 

(L6/H1SS10M) (FTVKISSION) 
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APM.IANCC COriaRT XCQUlRttaniS ANU PErtAUltS CAICULATIOHS (CKiClUDCO) 
COWCCPT - ohc fl irt-cVin>al s<^uee£t: 


INOtX NUWBtB C 


COMPONENT 

JSijuLk, 








V.livn/: 


Wrt-{fr 'I 


.lM.-jlSJ. 


Cryi 1-,. lit 1 




Xiitiit. 


■LliSiCd' :iij- 


tiilfi “EiOMT/VOLUHE ELflUiiEHEHTS 

UEIGKT 

(«EF) (LBS) 

^ ^ j — 


VOLUME 

(fT») 


t - 


TOTAL 


»^-7 CK3) 


KG (LBS) 




M’ (FT*) 


( 


TVP£ 


iOLlO expendable WT/yOL REaUIREHENTS 

__ _ 

rtS Wr/UNIT (REF) WT/CrCLE VOI/UNIT (REF) VCl/CrCLE 

w (PKG.WT/UNIT)(REF) ©X© (PKG.VOL/UMIT)(REF) ®X© 

USITS/CYCLE(REF) (LB) (LB) (FT^) (4x3) 




TOTAL_WT. 

"TlTSSJON 


TOTAL VOL 
~HfS'SfON 


CYCLES /DAY 


TOTAL WT/CYCLE 
(LB) 


DAYS/KISSIOK 


TOT.WI/CYCLE 

(LB) 


X X 

tYETE'STBSY TOT. VOL /CYCLE 


(FT’) 


E® »^o /3 

“ToTArvOL/CYCir 

(FT’) 


O- I 

KG fl.B) 


&&S/kiQy.i£ EJfPENDABLii Ria!ii5.EMENTS 


TYPE 

WagIt lv?. 4 r.r 


(D 

AHT. USED/CYCLE (REF) 
(LB) 








5 r-f 






RECOVERY 

FACTOR 

0 


Jl. 


0 ) 

AKT.RECOVEPEO/CYCLE 

@X(|) 

(lbT 

a 




AHT LOST/CYCLE 

®- 4 > 

(lbT 

o 

0.2. 


E® 


total wt. 
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SPACECRAFT Shuttle 

Garment/Linen 

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Maintenance 


APPLIANCE FUNCTIO N Garment/Linen Washing j | 

APPLIANCE CONCEPT NO. /TITLE 6/Diaphragm Actuated » Two Directional Squeeze 

INDEX NO. 3>3.1.6 REF. NO. 90 

DESCRIPTION 

This' concept is similar to concept #5 except that the clothes are stored in 
two tanks. Pressurized diaphragms are again used to alternately squeeze and 
soak the clothes. As in concept #5* cleaning effectiveness remains to be 
proven by further testing. 
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_ , APrLlAflCE CONCEPT BEQUIKEMENIS AND PENALTIES CALCULATIONS . O 1 T /I 

CONCEPT jin fi C.-1 ita -l ei( - n >f. cI^rcc^iOT•'Al INDEX W)HDER^^ > - . ?« J >_ P _ 


APPLIANCE CONCEPT REQUIKEMCNT; AND PENALTIES CALCULATIONS 

lA'Iei - -^u/o cI^rcc^i< 

tec *10 , „ 


COMPONENT 

I 

} r 
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V. yw 

^ r 

* 




• 








USEjIliE 

CYCLE 

(HR) 

Q_„ 

™J 


PEAK 
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WER fiEftUlfiEllENI?. 

A C_ ^ P 0 U E R DC P 0 W._E_ R 

l^D 
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AVERAGE 

(WATTS) 




MAXIHUK 


OEWV 
(Wi.TT-HR/ 
CYCLE) 
®X(,3) 


CD 

PEAK 

(WATTS) 


SI 


AVERAGE 

(WATTS) 


TOTAL 
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ar- 

OEHANO 
(WATT -HR/ 
CYCLE) 
©X0 


TOTAL 


HEAT LEAK 
(BTU/HR) 

< j) Pf >T loss 

jEOLmp ^ — ; — 


■ 

THERMAL 

REQUIREMENTS 


LATENT 

SENSIBLE 

SOURCE 

(BTU/HR) 

(BTU/HR) 


TO COOLANT 
(BTU/HR) 


TOTAL 


0 

WATT (BTU/HR) 


WATT (BTU/HR) WATT (BTU/HR) 


Q 

WATT (BTU/HR) 


SOURCE 

V a. ~ 


t 

OPERAIIONAL PENALTIES 


THERMAL 

HEAT LEAK TO COOLANT 

(UTU/HR/CYCLE) (BTU/HR/CYCLE) 


ELECTRICAL WEIGHT 

(PK WATTS/CYCLE) (LB/HISSION) 


VOLUME 

(FTVMISSION) 


•* 




TOTAL _______ 

UATTS/CYCLE • WATTS/CYCLE / KO/HISSION mV«ISS10H 

(UTU/HR/CYCLE) (BTU/HR/CYCIE) ,* (LB/HISSlON) (FTVMISSION) 
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APPLIANCE CONCEPT REQUIREKCNTS AND PENALTIES CALCULATIONS {CONCLUDED) 

vmt n a^n cdi'ci' o(ir index nuhder 


COMPONENT 

‘Eiaitc ('. 3 ‘.kfir 


liif.O WEi£liT/VOL!iM£ SiftOIfiEHENTS 
(REF) 


.riUj:f 




J/.gjxu: 


-hllLi £lr '<■ r -> i~ n. t cr 






.Tc.cKp.r. 


.AYiJL.C.e :> -■ 


UEICNT 

(LBS) 


VOLUME 

(n>) 


TOTAL 


^Z.Z ( 9 :^) 


KG (L 8 S) 


Vo.^is- (v.tT 

m 3 (FT 3 ) 


SfikXD expendable WT/XOL RESyiREMENTS 

® CD ® d> 

^ WT/UHIT (REF) WT/CYCLE VOL/UNIT (REF) VOL/CYCLE 

(PKG.WT/UN1T)(R£F) ®X(|) (PKG.VOL/UNIT)(REF) ®X® 

TYPE UNITS/CYCLE(REF) (LB) (LbT (FT^) 



geYrinig-lMe !. VrV '. ~~ 


TOTAL WT. 
MrsTfON 


TOTAL VOL 
MISSION 


CYCLES/OAV 


CYCLES/DAY OAYS/HISSION 

X 


2 © ♦ 0 

. TOTAL HT/CYCLE 
(LB) 


DAYS/MISSION 


TOT.MT/CYCLE 

(LB) 


TOT. VOL/CYCLE 
(FT 3 ) 


" TOfAL VOL/CYCLE 
(FT 3 ) 


0 -%^ { if-l-X -J 

K6 (Lb) 


0 , 00 fs . 

^fF-ffTT) 


fi.AS/Liayifi expendables REftyiREM£NTS. 


Wa <»)•’ 


TYPE 


b Lvcilg-P 


Killii.'r . . . LVi 2 i?.r. . 


CD 

AMT.USED/CYCLE(REF) 

(LB) 

3 £.7 



i 2*3 


CD 

RECOVERY 

FACTOR 

— 0 — 


X 


AMT.RECOVEREO/CYCLE 

(lbT 

t) 




AMT LOST/CYCLE 

®-(a> 

(Ley 

3^.7 

£ 2 _ 

£kJ 


s® 


73. fe 


E® 


21. o 


TOTAL WT. . -i^r- 
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• SPACECRAFT Shuttle 

HABITABILITY SUBSYSTEM Housekeeping 


Garment/Linen 

HABITABILITY FUNCTION Maintenance 


APPLIANCE FUNCTIO N Garment/Linen Washing 

APPLIANCE CONCEPT NO. /TITL E 7/Water Spray Agitation 
INDEX NO. 3.3.V.7 REF. NO. 


DESCRIPTION 

In this concept, a high velocity jet of watdr is spr.ayed into a wire mesh 
drum from the outer circumference. The drum is slowly rotated to allow 
continuous removal of the water. A high speed, spin cycle is used to remove 
the excess water after washing and rinsing. 
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SPACECRAFT Shuttle 

: Garment/Linen 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Maintenance 

APPLIANCE FUNCTION Garwent/Linen Washing ^ 

APPLIANCE CONCEPT NO./TITLE 8/U1trasonic 

INDEX NO. 3 .y.l.8 REP, NO. 90 

DESCRIPTION I 

In this concept, ultrasonic energy is used to wash the clothes. A damping factor 
of 2 was assumed, which probably results in a gross 'underestimate of the actual 
electrical power required. The amount of water required was assumed to be the 
same as for the other washing concepts. 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Housekeepinc 


Garment/Linen 

HABITABILITY FUNCTION Maintenance 


APPLIANCE FUNCTION Gannent/Linen Washim 


APPLIANCE CONCEPT NO. /TITLE 9/Manual Washboard 
INDEX NO. 3.11.9 REF. NO. 90 


DESCRIPTION 

Due to the large amount of crew time required to manually wash clothes, this 
concept was not felt to be practical. Hov/ever, it was included for comparison 
purposes with the automatic concepts. A zippered, Teflon bag is used to contain 
the clothes and water. The crewman manipulates the bag tr achieve washing, 
and squeezes it to rinse and remove excess water. It was sumed that only 
3.02 kg (6.67 lb) of wash and 3.02 kg (6.67 lb) of rinse water are required. 

It was estimated 0,60 kg (1.33 lb) of water will be left in the clothes after 
final rinsing, over and above the amount left by the other concepts. This^ 
water is treated in the same manner as for concept #4; that is, the penalties for 
clothes dryer concept #1 were multiplied by 2 and added to the penalties for 
this clothes washing concept. 
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SPACECRAfT Shuttle 

^ Gament/Linen 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY FUNCTION Maintenance 

APPLIANCE FUNCTIO N Washing ^ 

APPLIANCE CONCEPT NO, /TITLE TO/Hain Recirculation 

INDEX NO. 3,3,1.10 rEP, NO. 

DESCRIPTION I 

In this concept, water is simply recirculated through the clothes washing 
tub, with no means to vigorously agitate the water. ' Cleaning effectiveness 
is, therefore, relatively poor, and its adequacy would have to be proven 
by further testing, A spin dry cycle is used to remove the excess water 
after washing and rinsing. 
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HABITABILITY SUBSYSTEM 3.0 Housekeeping 


HABITABILITY FUNCTION 3.3 Garment/Linen Maintenance 
APPLIANCE FUNCTION 3.3.2 Garment/Linen Drying 


NUMBER OF CONCEPTS CONSIDERED 9 


ASSUMPTIONS 

A number of references were found which present data for various clothes 
washer and dryer concepts (References 70, 90, 91, 100, 127, 161, 171, 185, 

202, 237 and 245). These references were reviewed in detail, and the 
engineering data from each examined. It was soon found that much of the 
data did not agree. The primary reason for discrepancies was that the data 
were mostly very sketchy, without detailed breakdowns to define the data. 

For example, the clothes dryer weight in one reference would include the 
tub only, while another would inclu(‘c peripheral equipment such as heat 
exchanger, water separator, or other miscellaneous items. One reference 
was found (Ref. 90) which contained aM the concepts found throughout the 
other reports and presented the data for each in a consistent manner for 
direct comparison. Therefore, it was dfi^lded to collect all the clothes 
washer and dryer data for this study from Reference 90. 

All the clothes dryer engineering data used for Space Station were used 
directly for Shuttle also after adjusting for a crew size of 4 men (Space 
Station crew was 6 men). Therefore, only the total values for each penalty 
are shown in the following data sheets. Each penalty is 4/6 times the 
corresponding Space Station penalty. For an itemized breakdown of the 
various penalties, the Space Station data sheets in Appendix C should be 
consulted. 

Two clothes washings/dryings per day were assumed. For most concepts, the 
drying time can be varied by sizing the hardware; e.g. , one could choose a 
large heater for fast drying, or a smaller heater for slower drying. Based 
on the recommendation of Reference 237, a drying time of 4 hours was assumed 
for these cases. The dryer was assumed to remove 0.302 kg (0.67 lb) of 
residual water from the clothes according to Reference 90. More testing is 
required to refine this assumption; however, data from Reference 202 indicate 
this amount of water may be too high. Vihere applicable, ambient conditions 
are assumed to be 760 mm Hg (14.7 psia), 21.1°C (70°F) and 50 percent relative 
humidity. Wherever a component is connected directly to the cabin cooling 
circuit, it is assumed 85 percent of the energy transferred goes to the 
cooling circuit and 15 percent is heat leak to the cabin atmosphere. 
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Shuttle 


HABITABILITY SUBSYSTEM Housokoepi nf 


Garment/Linen 

HABITABILITY FUNCTION Maintenance 


APPLIANCE FUNCTION Garment/Linen Oryinc 


APPLIANCE CONCEPT NO. /TITLE 


1 /Forced Hot Air - Electric 


iNDEX NO. 


3. 3. 2.1 


REF. HO. 


DESCRIPTION 

1 1 

In this concept, a jet of air spray at 60°C (140°F) is directed into the 
clothes from outside the drum. The clothes are contained in a wire mesh 
drum which is rotated slowly in a direction counter to the air inlet. A 
prototype clothes dryer using this concept is described in Reference 237. 
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SPACCCRAPT Shutt le 

* Ganncnt/Linen 

HABITABILITY SUBSYSTC M Housokooping H ABITABILITY FUNCTIO N Maintenance 

APPLIANCE FUNCTION ^rment/Linon Drying 


APPLIANCE CONCEPT NO. /TITLE 2/Forced Hot Air - Thermal Storage 

INDEX NO. 3. 3. 2. 2 REF. HO. 90 

DESCRIPTION 

This dryer concept is the same as Concept 1 except the electrical heater is 
replaced by a thermal storage unit \vhich utilizes waste heat from the wash/ 
rinse cycle. This concept should receive a credit for cooling the clothes 
washer water; however, this has been neglected. Clothes are dried by air 
at 49°C (120°F) from the thermal storage unit directed into the slowly 
revolving wire mesh drum. 
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SPACtCRArr Shuttle 

Gament/Linen 

HABITABILITY SUBSYSTE M Housokeepinn H ABITABILITY FUNCTION Maintenance 

APPLIANCE FUNCTION Garment/Lincn Drying I 

APPLIANCE CONCEPT NO. /TITLE 3/Forced Cold Dry Air-Dosiccant-Vacuum Regonerable 


INDEX NO. 


3. 3. 2. 3 


REF. NO. 


DESCRIPTION 

In this concept, a closed loop of air circulates through a silica gel desiccant 
bed, where it is dried, and then through the clothes dryer tub where it dries 
the clothes. After the clothes are dried, space vacuum is used to dry the 
desiccant. The fan size is selected based on a 4-hour clothes drying time, 
and 4 hours are assumed for desiccant vacuum regeneration. 
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HABITABILITY SUBSYSTE M Hmisekeeplno H ABITABILITY FUNCTION Maintenance 
Appliance function Gannent/Linen Drvina 


APPLIANCE CONCEPT NO. /TITL E 4/Forced Cold Air-Desiccant-Heat Regenerable 
INDEX NO. 3. 3. 2. 4 REF. NO. 90 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTE M Housekeeping H ABITABILITY 


Garment/Linen 
FUNCTION Maintenanro 


APPLIANCE FUNCTION Ganiient/Linen Drying 

APPLIANCE CONCEPT NO. /TITLE S/Vacuum Dry 

INDEX NO. 3. 3. 2. 5 REF. NO. 


DESCRIPTION 

In this concept, clothes are simply sealed in a tub which is vented to space 
vacuum. The water will first freeze due to rapid evaporation, after which 
the ice will gradually sublime from the heat of conduction and radiation 
through the structural walls. Drying time is assumed, according to Refer- 
ence 90, to be 6.35 hours. 
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SPACECRAFT S.iuttle 

*" 6ain«ent/Linen 

HABITABILITY SUBSYSTEM Housekeeping HABITABILITY FUNCTION Maintenance 


APPLIANCE FUNCTION Garment/Linen Drying I 

APPLIANCE CONCEPT N0./TITLE 6-Therma1 Vacuum Dry - Electric Heat 

INDEX NO. 3.3. 2. 6 REF. N0._i!? 

DESCRIPTION 

This concept is identical to Concept 5 except that an electrical heater has 
been added to provide additional heat to aid the sublimation process. Heater 
size was based on a drying time of 4 hours to be consistent with the other 
concepts . 
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SPACECRAFT Siiuttle 

Gament/Linen 

HABITABILITY SUBSYSTE M Hoijspkooninn H ABITABILITY FUNCTION Maintenance 

Appliance function Gamient/Linen Drying 

APPLIANCE CONCEPT NO. /TITLE T/Thcnnal Vacuum Dry-Thsnnal Storagc^'Radiant Heat 

INDEX NO. 3-3. 2. 7 rEF. 

DESCRIPTION 

This concept is identical to Concept 6 e>iAept that the electrical heater is 
replaced by a thermal storage unit which stores the heat from the wash and 
rinse water. Clothes are sealed in a tub which is vented to space vacuum, 
and the energy required for sublimation provided by the thermal storage unit. 
A drying time of 4 hours was assumed. 
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SPACCCRAn Shuttle 

HABITABIUTY SUBSYSTE M Housekcopinn 


Garnient/Linen 

HABITABILITY FUNCTION Maintenance 


APPLIANCE FUNCTIO N Garment/Li non Drylnn 


APPLIANCE CONCEPT NO. /TITLE 8/C1othes1ine-Forced Convection 
INDEX NO. 3. 3. 2.8 REF. NO. 90 


DESCRIPTION . • 

In this concept, clothes are attached (with pins, snaps, velcro, etc.) to 
wide mesh screen panels which are stacked in parallel racks. A fan is used 
to force air between the panels to dry the clothes. Crew time would be 
relatively high compared with the other concepts. Drying time was assumed 
to be 8 hours. 
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HABITABILITY SUBSYSTEM 3-0 Housekeeping 


, HABITABILITY FUNCTION 3.3 Garment/Linen Maintenance 

APPLIANCE FUNCTION 3.3.3 Garment/Linen Washer/Dryer-Disposable Clothes 


NUMBER OF CONCEPTS CONSIDERED 9 


ASSUMPTIONS 

For this appliance function, the most promising individual clothes washer 
concepts (Section 3,3.1) were combined with the most promising clothes dryers 
(Section 3.3.2) to form integrated clothes washer/dryer units. The data 
for each case were taken directly from the data sheets for Section 3.3.1 
and 3.3.2. Washer and dryer data were combined, and the redundant components 
eliminated. Peak power and thermal requirements were taken to be the maximum 
for the Individual washer and dryer, rather than the sum of the two, since 
each is operated at separate times. 

The washer/dryer combinations were compared with disposable clothes. Clothes 
wear rates and weights assumed with a washer/dryer v/ere taken from References 
( 237 and 245 and are shown in Table B2-7. A clothes weight packaging factor 

of 1.31, and clothes packaged density, were taken from Reference 100. This 
resulted in a total clothes/linens size of 40.8 kg (90 lbs) and 0.483 cu m 
(17.07 cu ft) required for a 4-man crew with an automatic clothes washer/ 
dryer. 

The clothes required for the disposable case were computed from a wear rate 
of 0.481 kg (1.061 lb) per man per day, with the volume again taken from 
Reference 100 . 
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TABLE B2-7 CLOTHES/LINENS USAGE RATES ASSUMED PER 

MAN WITH A aOTHES WASHER/ORYER AVAILABLE 
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( SPACnCRArT Shuttle 

' . Garmont/Li non 

; j • HABITABILITY SUBSYSTO-I Hour. ekeoping _JIAniTARlLITY FUHCTION n nintonanco 

APPLIANCE FUNCTION Gamont/I.inon Washor/nryer^Disposablo Cldthf ’s 

APPLIANCE CONCEPT NO. /TITLE . l/Fluidic Agitatinn/Forrod Hot Air-Eloctric Mpnt 

■ INDEX NO. 3.3.3. 1 REF. NO. 90 

DESCRIPTION 

This concept is a combination of clothes washer Concept 2 and clothes dryer 
Concept 1, as described previously in Section 3.3.1 and 3.3.2. 
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SPACECRAFT^ Shu ttle 
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HABITAlil L I T Y SUBSYST E M Housokce pi nn I lABITAB I L ITY I UNCT I ON Mai ntenance 

APPLIANCE FUNCTION Garment/Li non-Washcr/Dryer-D1sposable Clothes 

APPLIANCE CONCEPT NO. /TITL E 2/F1uidic Anitalion/Forccd Mot Air-Then;ia1 Storage 

INDEX NO. 3. 3. 3.2 REF. NO. 90 

DESCRIPTION 

Thi s .concept is a combination of clothes washer Concept 2 and clothes dryer 
Concept 2 as described previously in Section 3.. 3.1 and 3.3.2. 
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APPLIANCE FUNCTION Garmont/Li non-Wa^hor'^Pryor-Disposahlo Clothes 


APPLIANCE CONCEPT NO. /TITLE 3/n»iclic Agi tation/ClothcsIine-rprcecI Convectio n 

INDEX NO. 3:3. 3. 3 UE;f. NO. 90 

DESCRIPTION 


This concept is a combination of clothes washer Concept 1 and clothes dryer 
Concept 8 ?s described previously in Section 3.3.1 and 3.3.2. 



WATER I«‘ WATER OUT 



1 


B2-529 


D2 -118561 -3 


^ APPLl/WCt CONCEPT REOUlP'f’tKlS AND PENAIMES CALCUlAtlONS 2 4 ^ 

CONCEPT f fih^ccp *N0tX NUMBER 


£ k L £ 1 B. ]. ?. A k B P. “ I. B B k ft P. i £ L k N T s 


USE TiHE 


COMPONENT 


AC . P 0 U E R 


PEAK 

(WATTS) 


(WATTS) 




oeuAno 

(WAIT -HR/ 
CYCIE) 
®X(3> 


DC P 0 W E R 


(WATIS) (WATTS) 


HAXIHUH 


MAXIMUM 


IHERMAL REflOiREKCNli 


LATENT 

(BTU/HR) 


SENSISLE 

(BTU/HR) 


heat leak 

(STU/HR) 


TO COOLANT 
(BTU/HR) 


TOTAL 2. 5" 

WATT (BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


OPERATIONAL PENALTIES 


MEAT LEAK COM.ANT ELECTRICAL WEIGHT VOLUME 

(BTU/IIR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/HISSION) (FTVHISSION) 


MATTS/CYCLE ' WATTS/CYCLE 
(BTU/HH/CYCLE) (BIU/Hft/CTCLE) 


KG/HtSSION 

(LB/MISSION) 


B2-530 




D2>ll8561-3 


^ ^ APPLl.'W^ COfJCUir BCQUIUEMINTS AfiO I'tNALTlES CALCULATIONS (COfiCLUUtD) 

CONCEPT /^'^-' -^' Ci>A/ty£i:r/oAy ihdeh numdea 

^ ^ rt' 72 ^ 7^) 


COMPONENT 


£i *£0 heigh TyvotuMC REJiuxsekents 


(REF) 


WEirillT 

(LBS) 





i 


t 


VOLUME 

(FTJ) 


J.2-.JLZr. 


^ 




t 



KG (LBS) t 


Z .'ll O c7i,i)] 

M3 (FT3) 


TYPE 


a erw/riJe. 


SOLID expendable RjyVOL RiaUiREMENTS 


CD 

UNITS/CYCLE(REF) 


© 

WT/UNIT (REF) 
(PKG.WT/UNITKREF) 
(LB) 


WT/CYCLE 

©X© 

(lbT 


® 

VOL/UNIT (REF) 
(PKG.VOL/UNIT)(REF) 
(FT 3 ) 



TflTAI UT 




E@ 

TOTAL UT/CYCLE 
(LB) 

Ed) 

TOTAL VOL/CYCLE 

cun 

] U 1 r\L n 1 * 

"MTsViair ' _ 


__ X _ 


_ X 

* 

1 o7§o T7< 7^ ] 

TOTAL VOL 
MISSION ‘ _ 

CYCLES/DAY 


DAYS/mSSION 


TOT.WT/CYCLE 

(LB) 

KlfTTBl 


_ X _ 


_ X 

s 

O.oo;^ 


CYCLEVOAV 


DAY'S/MISSION 


TOt.VOL/CYCLE 

(FT^) 

H^fFTn 


GAS/LiaUiG E.XP.EfiDAaLES RiaUiREHEHTS 

o 

AMT.USEO/CYCLE(REF) 

TYPE (LB) 

tvrL^'.lr 

"^f rt 5 e cv~ 


RECOVERY 

FACTOR 


AHT.RECnVERFD/CYCLE 

CpxCl) 

(lbT 


AMT 


LOST/CYCLE 

<x>-© 

(lbT 


DCD 

E0 




TOTAL WT-. . 

H1S"SW' X X - 

♦ 


EFclTTffAY ' ' ■■ "TAYS/HissibN Wtal i.o'sTTCYCir 

(t (31 / (LB) 

(E (D 

KG (LB) 


B 2 -G 31 




' D2 -11 8561 -3 

I . 


SPACECRAFT ShuttVe 

, Garment/Linen 

HABI TABI L 1 TY SUBSYSTEM Housnl;ce pinti H ABIT ABI LIT Y I- UMCT I OR lUiin tmann? 

APPL 1 ARC E FUNCT I ON Gamont/Li nen - Washor/Drypr-Disposahle Clothes 
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. with Electric Heat 

INDEX NO. 3. 3. 3. 4 REF. HO. 90 

DESCRIPTION 

This concept is a combination of clothes washer Concept 1 and clothes dryer 
Concept 9 as described previously in Section 3.3.1 and 3.3.2. 
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LATENT SENSIBLE 

(BTU/HR) (BTU/HR) 


TOTAL ^/>? 

WATT (BTU/HR) 


T2iCi3^ Q, 

WATT (BTU/HR) WAn (BTU/HR) WATT (BTU/HR) 




OPERATIONAL- PENALTIES 


SWJRCE 

nI/\ 


THERMAL 

HEAT LEAK TO COOLANT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) 

ELECTRICAL 
(PK MATTS/CYCLE) 

■ 

WEIGHT 

(LB/MlSSION) 


VOLUME 

(ftVhission) 


» 


TOTAL 

llATTS/CYCLt ■ WATTS/CYCLE •• KG/HISSIOH H’/HISSION 

(BTU/IIR/CYCLE) (BTU/HR/CYCLE) ! (LB/MISSION) (FT’/HISSION) 


82-533 
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I 


i 


\ 

j 

1 


I 




AmiAMCt CONCLPT Rtqulft^rtNIS WlD PtmTlCS CAUUlATlOfiS (CWLUULO) . 

* 5 ^^ /^Z4 2-C /4 7^ isl-SCrUZ/C 

y ^ ^ 


COMPOf<£NT (REF) 




H i 1 S ! 1 1 /y. 5 L u H E S E ft u 1 S f. M 1 H 1 s 


WEIGHT 

(EOS) 


/ 2-7 


i 

i 

Vi 


^9 




* 



VOLUME 

{n‘) 

_/ 2 <, 3 


I 



TOTAL 


m .5 


KG (LCS) 


2>.i0 0<7if, 


M’ (FT>) 


TYPt 


fternur-i jg 


iftkift liPEUftAftkl. “ 1 /y.OL REftUlREHEKTS 

0 ® ® 

O UT/UNIT (REF) UT/CTCLE Va/UNIT (REF) 

(PKG.WT/UHIT)(REF) (I)X(|) (PKG.V 0 L/UH 1 T)(HEF) 

U*mS/CYttE(REF} (LB) (LB) (FT’) 


VOL./CYCLE 

1 ^;.? 


z;@ 


TOTAL HT/CYCLE 
(LB) 


s® 


TOIW. VOL/CYCLE" 
(FT’) 


TOTAL HT. 
KlfSlON _ 


_ X _ 

X 


TOTAL VOL . 
KISSION _ 

CYCLES/DAY 

__ X _ 

DAYS/MJSSIOrf 

X 

TOT.HT/CYCLE 

(lb) 

* 

CYSISTbAY 


OAYS/HISSION 

T 5 T 7 vbL/CYa£ 
• (FT’) 


c 

O.ZO 

IaiAa 

KG (LB} 

i: 

O-odz-V- 

' ■■ ■ H’ (FT’) 



ftAS/LlftUiO EX.PENOAiLES EESy.iREtll.Nll. 


TYPE 

’RinlyC .'.‘Jaier. 


o 

AHT.USED/CYCLE(REF) 

(LB) 


<D 

RECOVERY 

FACTOR 


AMT.RECOVEREO/CYCLE 



AHT LOST/CYCLE 
®-6 
(lbT 




i>’jf 


E® 


£® 


TOTAL UT. 


MlVSlSfr 


cVCliSWy 


“OAYS/HISSW 


*■ 


tTmToTTZcYCir 

(r (31 


(LB) 


(e <D 


Eikis-T^ 

KG (lb) 
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, SPACECRAIT SliJttle 

. Ganiient/Linen 

HABITABIUTY SUDSYSTt M Ho» r.ek oc?pina I IABM ABILITY rUHCTlON Maint onaiire 

APPL I AN C C FUN CT 1 ON Garn(;nt./linon-Wn*;hpr/Drvor-l)i s. pns ahle C 1 olhes 

APPLIANCE CONCEPT NO. /TITLE 5/ Wator Sp ra y Agit.atioa/FQrcci Hot A1r-ETGct.r ic_liaat 

INDEX NO. 3.3. 3.5 REF. NO. 50 

DESCRIPTION 

This concept is a confcination of clothes washer Concept 7 and clothes dryer 
Concept 1, as described previously in Section 3.3.1 and 3.3.2. 
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APPLIANCE CCmCEPT REyUlREKENIS AND PCNAITIES CALCULATIONS ^ 

^ ^&yr mocx number 

* ^ * f. Li£IF. i£*k tSSia “EftOXELKtNTS 


COMPONENT 


CYCLE 

(REF) (HR) 


A C 


> OVER 


PEAK 

(WATTS) 


CD 

AVERAGE 

(WAITS) 


OEI^O 
(MATT -HR/ 

cvac) 

©XQ) 


DC POWER ^ 

^ 

© © DEMAND 

peak AVERAGE ^aCLtl”^ 

(MATTS) (MATTS) ©X® 


/S'6 


/S'f 


MAXIMUM 


TOTAL MAXIMUM 


TOTAL 


SOURCE 


THERMAL 

REQUIREMENTS 



• 

LATENT 

SENSIBLE 

HEAT LEAK 

TO COOLANT 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 


TOTAL 

WATT (BTU/HR) 


98 / (53^7) i52.(4^<^ 

MATT (BTU/KR) MATT (BTU/HR) WATT (BTU/IIR) 


SOURCE 


OPERATIONAL PENALIIES 


THERMAL 

HEAT LEAK TO COOLANT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) 


ELECTRICAL HEIGHT 

(PK MATTS/CYCLE) (L8/HISSI0N) 


vou»« 

(ftVmissioh) 


» 


total ______ 

WATTS/CVCLE * WATTS/CYCIE / (CG/HISSION MVHISSIOM 

(OTU/HR/CYCLE) (UTU/im/CYCLE) / (LB/MISSION) {fT^MISSlON) 
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APPLIANCE CONCEPT REWIHEHENTS AND PENALTIES CALCULATIONS (CONCLUDED) ^ 

CONCEPT INDEX NUWDER f»***^.^ 


COKPDNENT 


L.I. HIIGHT/VOLUHE AEftUlREHENTS 

UEIGIIT 

(REF) 

I 


%*7 

_;aL 


VOLUME 

(FT») 


-ILS- 


3.8^ 


TOTAL 


r^f^T\ I oMs ds77i 


KG (IBS) 


MS (FT3) 


TVPE 




Sfikia expendable WT/VOL &EaOiREHEHTS 

© @ © 

© WT/UNIT (REF) WT/CTCLE VOL/UNIT (REF) 

(PKG.WT/UN1T)(REF) ®X® (PKG.VOL/UNIT)(REF) 

UNITS/CYCLE(REF) (LB) (LB) (FT’) 


TOTAL HT. 
MTS'SlOH 


TOTAL VOJ^ 
MISSION ■ 


CYCLES/OAY 


CYCLES/DAY 


E®_ 


DAYS/HI SSTW* 


OAYS/MISSION 


TOT70(T/CYCLE 
(LB) 


tot.ht/cycle 

(LB) 


TOT. VOL/CYCLE 
(FT3) 


VOL /CYCLE 


2® 


total VOl/CYCLE 
(FT^) 


KG (LB) 




TYPE 

W-<L^L--mp Jr .r- 

■'Ei/il' g - iv jdev:.. 


DAS/LJ,aUiO expendables REfiUiREHENTS 

RECOVERY 
FACTOR 




AHT.USED/CYCLE(REF) 

(LB) 


E® 


TOTAL WT^ . 

MlVSRtH X X 

17CLE/dA'¥ WS/KiTsiON TOTTLTOST/CYCLf 

(r (3* 


AMT. BECOVERt D/CYCLE 
@X(1) 

(lbT 


© 

AMT LOST/CYCLE 
©-(3) 

(LET 


(LB) 
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SPACCCRAFT 


Ganncnt/Linen 

HABITAt31 L I T Y SUBS YST EM Uouse kooping H AB 1 TAB 1 1. IT Y TUNCT I ON Molntonati co 

APPL 1 ANC E FUNCTION Garmont/Linon-Wflsher/nrvGr-Diypnsnhle Clolho s 

APPLIANCE CONCEPT NO. /TITLE' 6/Water Sprnv Aai tntion/l-or c ed Hot Air-Thornnl Sto rage 

INDEX HO. 3. 3. 3.6 REF. HO. 90 . 

DESCRIPTION ' 


This concept is a combination of clothes washer Concept 7 and clothes dryer 
Concept 2 as described previously in Section 3.S.1 and 3.3.2. 
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„„,4. 


/yjA-r''^ ^ APPLIANCt CONfPPT RtQOIRtMENIS AND PENALTIES CALCULATIONS 

E L £ C T I 


NUMBER 




•KP’ 


COMPONENT 


(REF) 


E^M 


USE TJ.ME 
CVCLE 
(HR) 


Rl-CAl POVER R I.ao 1.R E H E N T S 

A C . P 0 HER DC PO WER 


<D 

peak 

(WATTS) 


<D 

AVERAGE 

(WATTS) 


DEMAND 

(UAIT'HR/ 

CrCLE) 

(px<^ 


peak 

(WATTS) 


(?> 

AVERAGE 

(WATTS) 




OEKAHO 

(WATT-HR/ 

CVCLE) 

®x(2> 


MAXIMUM 


D 

TOTAL MAXIMUM 


TOTAL ] 

•I 


( 


SOURCE 


IHERMAL REOUiREMENTS 


LATENT 

(BTU/HR) 


SENSIBLE heat LEAK 

(BTU/HR) (BTU/HR) 


total 5 1.9 pin) 

WATT (BTU/HR) 


yy/ (mi) iMimD 

WATT (BTU/HR) WATT (BTU/HR) 


j 


TO COOLANT 
(BTU/HR) 


W^TT (BTU/HR) 


SOURCE 


0 LERA T ig N A L LENALTiES 

HEAT leak /*'^**”^T0 COOLANT ELECTRICW. HEIGtfT 

(BTU/HR/CVCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (LB/HISSION) 


Mhl 


VOLU <E 

(FT’/MriSION) 


TOTAL 


HATT5/CYCLE 

(BTU/HR/CVCLE) 


HATTS/CYCIE 

(BTU/HR/CYCLE) 


KG/MISSION 

(LB/MISSIOH) 
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APPLIANCt COflCtPT KEOUIREMENIS WU) PtNAlTUS CALCULATIONS (CONCLUDED) ^ 

i? UoT -J-'*'"' '^<3hde* WUHUER f 


CONCEPT S/A^Are^ ^ hirn'JTIi , \ 




L i i f. & H £ i S. !1 1/i 0 k y. !1 i ' E L 9 u I R E M E H T S 


COMPONENT (REF) 












HEIGHT 

(LBS) 

/■^.5.„ 




i. 

vauME 

(FT>) 



is. / _ 

3&— 


TOTAL 


/■2r2 <3^ 





KG (LBS) 


M> (FT3) 


TYPE 


. J^ici'^cuiy^ 
.._^snjnkji£_ 


SOLID EiPENOABLE WiyVOL RE 


UNITS/CYCLECREF) 


(D 

WT/UNtT (REF) 
(PKC.HT/UNIT)(REF) 
(LB) 


WT/CYCLE 

©X® 

(lbT 


9«iEEMENTS 

<D 

VOL/UNIT (REF) 
(PKG.VOL/UritT)(REF) 
(FT’) 


VOL /CYCLE 


TOTAL HT. . 
"MIS'SIO'N 


TOTAL VOL 
MISSION 


CYCLES/DAY 


CYCLES?OAY 


S® 


DAYS/HISSION 


DAYS/mSSiON 


TOTAL HT/CYCLE 
(LB) 


TOT. HT/CYCLE 
(LB) 


TOT, VOL/CYCLE 
(FT’) 




total VOL/CVCLE"' 
(FT’) 


0.1 C) 


1 07^) 

kgTlbT 


I 0,001^ 

H’ (FT’) 


OAS/LiaUiO EXPENDABkiS REaUiEiMENTS 

© 

AKT.USED/CYCLECREF) 
nPE (LB) 

yJaiif, Lvr<'^rr 

'KLiTr„t: LurJ.cr- 


© 

RECOVERY 

FACTOR 


AMT.RECOVERF.0/CYCLE 

©X® 

(Lfl 


AMT LOST/CYCLE 

©-(b 

(lbT 


i:® 


£® 


TOTAL HT. 
HTssTOfi 


'miETb'AY * “1l)rYs7HTssrorr- * Tmn osWcTT ' 

(r C3J 


(LB) 


(E 0 


7l£*(l57»)l 

Mjia) 


B2-540 







i 


) 

f 



D2>II85^-:^ 




SPACE CUAIT . Shutt le 

Ganiient/LiiK'H 

HABITAHILITY SUBSYSTEM Housekoop im ^HABITABILITY FUNCTION 

APPLIANCE FUN CT I ON GariMent/Linon-Wtisher/Drypr-nis pr^ ablo Clothe s 

APPLIANCE CONCEPT NO. /TITL E 7/Uater Sp ray Anitation/C loLhosline-Forco d-Cnim 


INDEX NO. 


3. 3. 3. 7 


REF. NO. 


DESCRIPTION 

This concept is a combination of clothes v/asher Concept 7 and clothes dryer 
Concept 8 as described previously in Section 3.3.1 and 3.3.2. 
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/ AWLIAHCC MMCtPt lIEqulBtmKTS MO PINAL TIES CALCULATIONS 

<^W£<:nOKf 


INDEX NUKDCR 


2 - 3 . 1.7 


COMPONENT 


1 k L 1 1 ?. i C A I £ 0 M E R E 1 ft U 1 R E. H E H T S 


0) 

USE TiitE 


AC . POWER 


(WATTS) 


AVERAGE 

(WATTS) 




demand 

(WATT-HR/ 

CYCLE) 

®*<P 


DC P 0 W E R 


(WATTS) 


(WATTS) 


0 )— 

DHTANO 

(WATT-HR/ 

CYCLE) 

®X(Z) 


^ /<£'6 

MAXIHUH 


MAXIMUM 


IMEEMAL EiftUiEiaiEIi 


(BTU/HR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 


WATT (BTU/HR) 


WATT (BTU/HR) 


WAn (BTU/HR) 


WATT (BTU/HR) 


OPERATIONAL PENALTIES 


HEAT leak '““^TO COOLANT ■ ELECTRICAL WEIGHT VOLUME 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (L6/Mi:slOH) (FTVHISSION) 


WATTS/CYCLE ‘ WATTS/CYCLE 
(BTU/HR/CYCLE) (BTU/HR/CYCLE) 


KG/HISSIUN 

(LB/MISSION) 


H>/MISS10N 
(FT ’/MISSION) 
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APPUA(,C£ Cfriar.J htQUlHt:t£N1S ANO Pf.KALIUS CALCULAnOltS (CCNCLUOtD) 

(Ate^ ^ ”6 ?7, 7^ 7^) 

£.1*^1 H E 1 C It I/V 0 L U M E R E g U i R £ K £ N T S 


COMPONENT 


tiijPrt/£S 


173 
■ 315 
..^.£ 




93.0 


KG (LOS) . 


Z.^0 

(FT3) 


iekiO expen DA OLE WI/VOL ?. iHUiREMENTS 

0 @ © 


© WT/UNIT (REF) hi/ltllc 

(PKG.HT/UNIT)(REK) ©X© 

U*IITS/CYaE(REF) (LB) (LB) 


WT/CrCLE 




VOL/Ut(!T (REF) VOL/CyCLE 

{PKG.V0L/UN1T)(R£F) ©X© 

(FT3) TfT’T 


TOTAL WT. 

ffi's'sros 


TOTA L VOL 
MISSION 


■CYCLES/OAY 


CYCLES/DAY 


DAYS/HISSION 


OAYS/MISSION 


E® 

TOTAL KT/CYCLE 
(LB) 


TOT. KT/CYCLE 
(LB) 


TOT, VOL/CYCLE 

(ETJ) 


E® 


"TOTAI vol'/CYcIE' 

(FT3) 


^ ( 4 ?XJ 

— Yg'TTbT — 




CRS/kiftUiO ElfPENOABLES REgUlREHENIS 
YTY ® 


© 

AMT.USEO/CYCLE(REF) 

(EB) 


© © 

AMT.RECOVERFD/CYCLE AMT LOST/CYCLE 

®,u? 


E® 


E® 


TOTAL WT. . 
“MISSTOfT 


X _ X _ _ ' 

CYTlT/OAY DA'YS/HTSS'fON TOTAL IOSTTCYClT 

(r <3* 


XC (LB) 
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HABITAIJILITY SUnSYSTU-1 Housekcepinn 


Ganiient/Lincn 

HAtHTABILITY FUA'CTION Mnintonance 


APPLIAIICF FUNCTION Oon;'cnt/Linen-l-.'asher/Drycr-FispoSciblo Clothes 


APPLIANCF CONCEPT NO. /TITLE- 8/Water Spray Anitation/ClothoslinG-Forccd Crin' { ction 

wftlfTTGct'r ic TTcdt 

INDEX NO. ’ 3.3. 3. 8 rFF. NO. 90 

DESCRIPTION ' ' 


This, concept is a cunbination of clothes v/asher Concept 7 and clothes dryer 
Concept 9 as described previously in Section 3.3.1 and 3.3.2. 
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CONCEPT 


APPllANCt c6NCrPT KE(JUlt![?lNrS AND PEKALIltS CALCULATIONS 5» t? 

c*/r^/ &L£Cr£jc ^G/{r 


COHPOMEHT 


lki£IlJ. A Ak POWER REaUiALULNls 


USE TIME 


POWER 


© 

PEAK 

(WATTS) 


© 

AVERAGE 

(WATTS) 


0~ 

demand 

(WATT-UR/ 

CYCLE) 

®X® 


POWER 


PEAK 

(WATTS) 


AVERAGE 

(MATTS) 


KAXIHUH 


MAXIMUM 


lUkAMAL R E S UiA E M E NT S 


(BTU/HR) 


SENSIBLE 

(BTU/HR) 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 


5unmj 

WATT (BTU/HR) 


WATT (BTU/HR) 


MATT (BTU/HR) 


WATT (BTU/HR) 


operational PENALIIES 


HEAT LEAK cOOLWJT ELECTRICAL WEIGHT 

(BTU/HR/CYCLE) (BTU/HR/CYCLE) (PK WATTS/CYCLE) (L8/HISS10N) 



WATTS/CVCLE 

(BTU/HR/CYCLE) 


WATTS/CYCLE 

(BTIJ/HH/CYCLE) 


KG/HISSION 

(IB/HISSION) 




t 


\ 



D’.-iissa 


, AWLIANtE COflCtriKEQUtRl'HlHl 5 AND PINAITUS CALCULATIONS (CpNClUOtO) ' 

CONCEPT . 4/a/v-'- f^ctP index number 


« » 


COMPONENT 


£X*5.& HliCli I/TO LOME NE.quiREHENTS 

VEIGIIT 

(REF) (LDS) 

/■??- 








VOLUME 

// ^ 


^.K. 


TOTAL 


?g -3 I 3 , 0 ? 

KG (LBS) » H> (FTM 


TTPE 


.j^Hliaicick- 


SOLip EXPIHDABLE UT/VpL REpUiREHENTS 

® (3) ® 

© WT/UNIT (REF) WT/CYCLE 

(PKG.WT/UNIT){REF) ®X(|) 

UNITS/CYCLE(REF) (LB) (LB) {FT^) 


TOTAL MT. 
"hTSSiW 


TOTAL_VOL 

M'lSSVOI? 


CYCLES/DAY 


TlftLES/DAY 




TOTAL WT/CYCLE 
(LB) 


DAYS/HlSSlOH 


OAYS/KISSION 


TOT. WT/CYCLE 
(LB) 


toTTvolTEyclT 

(FT>) 


(D 

VOL/UNtT (REF) VOl/CVat 

(pkg.vol/unmkref) 


s® 

" TOTAL VOlTCYCLE 

(n 5 ) 


I o/?:o 


KG TUT 


I 0.00 TToFJ} 

— — hnFTT) ' ' 


A ■ 


TYPE 

W<< sIy ttr^-frr 


OAS/Liauio expendables REauiREKENTS 

<D 

RECOVERY 
FACTOR 


a> 


AMT. used/cycle (REF) 
(LB) 


ojaArr 


EQ 


TOTAL WT. . 

wsTor ■ 


X X ' 

' lYCLE/OAY dAys/KisSioN TOTAL i ostTCyClT 

tE CS) 


a> 

AMT.RECOVEREO/CYCLE 

®<uf 


Ip/c 


AMT LOST/CYCLE 

0 )-® 

(lbT 


(LB) 
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Garment/ 


HAB1 TAt:l UTY SUIIS Y ST U-\ Housekee ping H ABITAniL ITY ruilCT I ON Unen M aJntcmj^jce 

APPUAtlCE rUNCTlOll Ganiient/L i ncn Washer/Dry or - Oisposcilil£„Clothcs - — 

APPLIAIXt CONCPPT MO./TIHE 9/DisposablG Clothes 

INDEX no. 3. 3. 3. 9 REF. NO. 


DESCRIPTION ; This concept assumes no clothes washer/dryer vnll be used, and 
soiled clothing will simply be disposed of and replaced by new ones. An average 
wear rate of .484 kg (1.066 lb) clotln'ng/towels/washcloths per man per day was 
assumed from Reference 2^5. A packaging weight factor of 1.3 was used from 
Reference 100. Bulk density of the clothes, including packaging, was assumed 
to be 0.0119 cu m/kg (0.190 cu ft/lb) as recommended in Reference 100. 


c 
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,1 AtVumE COflCtPr RtQUiRCMENTS wo P[NAmtS CAWUUIItlNS <j 1 q 

COTCCP T M/^>p o'.ahh r IvihnS »•«< wwdc » w. i>> 7 


kklCiRj,cAt powtft A k£l!ii.n , 

j A C ■ POWER PC P 0 W C R 

‘ ® ® Ot^JO ® 0 OCf'ANO 

CYCU peak average ^CYClEr^ average *cvctn*^ 

CCMPONENT (BEF) (HR) (WATTS) (WATTS) ©X(3) (WATTS) (WATTS) (j)X(2> 

h/.^A 


- 


KAXIMUH 

^ TOTAL 

KAXIMUH 

TOTAL 


• 

i 

- T H E R H A L 

f \ 


‘ 

SOURCE 

a^/a 

w 

LATENT 
, (flTtt/HR) 

SENSteiE 

(8TU/HR) 

HEAT LEAK 
(OTU/KR) 

TO COOLANT 
(eTU/HR) 

’ ’ r 


TOTAL 


MATT (BTU/nn) 


WATT (BTU/liR) 


WATT (BTU/HR) 


WATT (OTU/tlR) 


OPERATIONAL PENALTIES 


SOURCE 


mU- 


THERMAl 

MEAT LEAK ,'0 COOLANT 

(BTlf/lin/CTCLE) (BTiVlia/CTCLE) 


ELECTRICAL WEIGHT VOLUME 

(PK WATTS/CYCLE) (LO/MISSICH) (FT’/MISSION) 


fOTAL 

llAirS/r.VCLL WAITS/CYCLE 

(imi/IW/LYCLLj (HtU/t.il/DCLC) 


».r./M|SS|ON K'/Mfsstorr" 

(l.«/t;IiSlON) (ft '/miiU'N) 
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HABITABILITY SUBSYSTEM Off -Duty Activity 

APPLIANCE FUNCTIONS CONSIDERED 

4.1.1 Music 

4.1.2 Library 

4.1.3 Television 

4.1.4 Games 
4.2.1 Exercisers 


DESCRIPTION 

The off-duty activity habitability subsystem was designed to provide the 
crew entertainment and physical exercise in their off-duty hours. The sub- 
system considered by the study is primarily based on the off-duty equipment 
provided for Skylab and-Apollo crews. A television receiver was the only 
addition to the subsystem. The Shuttle Orbiter would not utilize most of the 
equipment presented in this subsystem due to the present mission duration. 

The equipment was* however, considered for Shuttle Orbiter for the benefit 
of future missions as they are extended with the addition of payloads such 
as Spacelab. 


tf. 
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• 


HABITABILITY SUBSYSTEM 4.0 

Off-Dutv Activity 


• 

HABITABILITY FUNCTION 4.1 

Entertainment 


APPLIANCE FUNCTION 4.1.1 

Music 



NUMBER OF CONCEPTS CONSIDERE D . 1 


ASSUMPTIONS 

(1) The music appliance function provides the, crewmen with music and a means 
of recording. A system to play the recorder through speakers mounted In 
the spacecraft Is provided for better fidelity of sound. 

(2) The actual Skylab equipment was used for the appliance function. This 
was the only concept used because of the simplicity of the appliance 

. function. 

(3) The Skylab equipment.quantities were ratloed by crew size; i.e., six men 
divided by three men for Space Station and four men divided by three men 
for Shuttle. The weight and volumes were then multiplied by these ratios. 


( 





^ V 



B2-551* ’’ 



D2 -118561 -3 







D2 -118561 -3 


SPACECRAFT Shuttle 

Off-Duty 

HABITABILITY SUBSYSTE M Activity 


HABITABILITY FUNCTION Entertainment 


APPLIANCE FUNCTION 


Music 


APPLIANCE CONCEPT NO. /TITL E l/Cassette Player/Recorder 


INDEX NO.. 


4 . 1 . 1.1 


REF. NO. 293 > 96 


DESCRIPTION 

The cassette player/recorder concept includes the followina equipment: 

(1) tape player/ recorder , (2j headsets, (3) microphone kit, (4) power 
cord/converter, (5) batteries, (6) cassette kit, and (7) wardroom speakers. 
The tape player can be used on conventional batteries or via a converter 
. from 28 VDC to 6 VDC on spacecraft power. The tape recorder plays cassettes 
and is provided with a speaker and an adaption to headsets for private use. 

■ The number of uniLr, provided for each of the above units is summarized below: 
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HABITABILITY SUBSYSTE M 4.0 Off-Duty Activity 


•HABITABILITY FUNCTION 4.1 Entertainment 

% 

APPLIANCE FUNCTION 4.1.2 Library 


NUMBER OF CONCEPTS CONSIDERED_ 1 


ASSUMPTIONS 

(l) The library appllancs function provides the'crewmen with reading material 
for off-duty time. Provisions are added to make . the paper books non- 
flammable by adding covers while the books are in use. 

, (2) The actual Sky lab equipment was used for the library appliance function. 
This was the only concept used because of the short mission duration. 
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SPACECRAFT Shuttle 

Off-Duty 

HABITABILITY SUBSYSTE M Activity HABITABILITY FUNCTION £nterta1niaeD± — 

APPLIANCE FUNCTION Library 

APPLIANCE CONCEPT NO. /TITLE 1/Books 

INDEX MO. 4. 1.2.1 _REF, HO. 293, 96 

« 

DESCRIPTION 

The book v^oncept consists of individually selected off-the-shelf paperback 
books takeT on the mission. The books are stored and when in use are provided 
with a cover for nonflammability. The covers are fabricated from Beta cloth. 
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HABITABILITY SUBSYSTE M 4.0 Off-Duty Activity 

HABITABILITY FUNCTION 4.1 Entertainment ; 

Appliance functio n 4 . 1.3 visual Recreation 

NUMBER OF CONCEPTS CONSIDERE D 1 

ASSUMPTIONS 

(1) . The visual appliance function provides the ilieans for programed television 

to be displayed on board the spacecraft. 

(2) The Panasonic and Sony television sets were the basis for the engineering 
numbers . 

(3) One unit was assumed to be provided for each vehicle. 
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SPACECRAFT . Shuttle 

• Off-Outy 

HABITABILITY SUBSYSTE M Activity HABITABILITY FUNCTION Entertainmgnt — 

APPLIANCE FUNCTION Visual Re creation 

APPLIANCE CONCEPT NO. /TITL E 1/Television 

INDEX NO. 5. 1. 3.1 ref. NO. 1_ — 

DESCRIPTION 

The television concept provides programed television programs to the crewmen. 
The data presented were based on 15-inch Panasonic. The Sony is also very 
similar to this model. The unit does not prqvide the means for use of video 
tape. 


I 
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I. # ^ 

. HABITABILITY SUBSYSTE M 4.0 Off-Duty Activity 
HABITABILITY FUNCTION 4.1 Entertai ninent 


APPLIANCE FUNCTION 4.1.4 Games 


NUMBER OF CONCEPJS CONSIDERED 5 


ASSUMPTIONS 

(1) The games appliance function provides games to occupy crewman time during 
off-duty activity. The devices used are varied to prevent boredom. 

(2) The actual Skylab equipment was used for the appliance function. 

(3) The Skylab equipment quantities were ratioed by crew size; i.e., six men 
divided by three men for. Shuttle. The weight and volumes were then 
multiplied by the ratios. 

(4) The concepts presented are not presented for trade purposes. Each of 
these concepts are candidates for off-duty activity equipment. 

C : ' ■ 
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SPACECRAFT Sjiuttle 

Off-Duty 

HABITABILITY SUBSYSTEM Activity 


HABITABILITY 


APPLIANCE FUNCTION_Garnes ■ 

APPLIANCE CONCEPT NO. /TITL E 2/Dart Board/Darts 


INDEX NO. 


4. 1.4. 2 


REF. NO. 293. 96 


DESCRIPTION 

The dart board concept utilizes darts and board with velcro for a zero-g 
dart game. Twelve darts were provided with the heads covered with velcro 
hooks and attach to the board by means of velcro pile/hook attachment system. 
A dart holder container was provided as part of the concept. The system did 
not work well on Skylab (darts were not stable),. so redesign of this system 
would be required prior to flight. 
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HABITABILITY 


APPLIANCE FUNCTI0N_Jf!H5! 

APPLIANCE CONCEPT NO. /TITLE 3/Binocular Kit 

INDEX NO. REF. 


REF. NO. 293. 96 


DESCRIPTION 


The txinocular kit concept provides binoculars for viewing distant objects 
such as earth and satellites. The binoculars are “trinovid" 10 x 40, 
manufactured by E. Leitz, Inc. Velcro attachment strips are provided for 
attachment when used in specified areas. 


MNOCULARS 





r 


P2-II8561-3 


1 

I 

I 



'T 


t 


I 


APPllANCE CONCtHT KLgillHtHLNlS ANn HKAITICS CAICUIATIW ^ ^ -m 


COMPONENT (REE) 

_ Al/A. 

CLECTRl.CAl 

POWER R E 1 U. .1. E E. 

AC . POWER 

M L N 1 s 

D C 

POWER 


USE^HE ® 

CYCLE PEAK 

(NR) (WATTS) 

CD 

AVERAGE 

(WATTS) 

ocr^D 

(WATT -HR/ 

cycle) 

0)*® 

© 

peak 

(WATTS) 

AVERAGE 

(WATTS) 


orwJiD 

(WATT'IIH/ 

CYCLE) 

®*Cb 

































• 

































MAXIMUM 

, 

TOTAL 

HAXIKUH 



TOTAL 




THERMAL 

lATEHT 

RECLUlREWtNTS 

SENSIBLE 

HEAT LEAK 

TO COOLANT 

SOURCE 


<BTU/tUi) 

(BTU/HR) 

(BTU/HR) 

(BTU/HR) 


C M/A 


TOTAL ________ . 

WATT (BTU/HR) WATT (BTU/HR) WATT (BTU/HR) MAH (BTU/IIR) 


SOURCE 


OPERATIONAL PENALTIES 


HEAT LEAK 
(BTU/ilR/CYCLE) 


THERMAL 

TO COOLAfIT 
(BTU/MR/CYCLE) 


ELEC'RICAL WEIGHT 

(PK WATTS/CYCLE) (LD/KISSION) 


hJa. 


VOLUME 

(nVMISSION) 




TOTAL • 

MATTS/CYCLE WATTS/CVCLC 
(BTO/HR/CYCLE) (BTU/tm/CYCLE) 


KG/HISSIOM HVHISSIOH 

(IB/HtSSiON) (n '/ mission) 


i 


• B2-577 


D 2 -II 856 I -3 


APPLIANCE CONCEPT PEQUINEHENTS AflU I'ENAUUS CALtULAIlONS (CONCLUPEOJ 
CONCEPT fCfT- iNUtx mmtn 


£ii££ 


WE.lCHT/VOL!i«C EE.9 0 ihiMENTS 


COHPONENT (REF) 


Wir.HT 

(LBS) 




VOLUME 

(FT>) 




TOTAL 


^>7^- fC,) 

KG (L8S) ^ 


.c 302^ Com) 


TYPE 

si/A. 


SOJ-XD LiPENOABLE « I/VOL R£aUiRLHi!ili 


<D 

UH!TS/CVCLE(REF) 


VfT/UNlT (REF) 
(PKG.WT/UNITHREF) 
(LB) 


FfT/CyC'E 


®(^B? 


VOL/UHIT (REF) 
{PKG.VOL/UNIT)(REF) 
(FT 3) 


(D 

VOL/CYCIE 

?r!.? 


T® 

TOTAL WT/CYCLE 
(LB) 


TOTAL HT. 
"RTTSTON ■ 


X 

_ X _ 


TOTAL VOL 

CYCLES/flA.y 

0AYS/MIS5I0N 


TOT.WT/CYCLE 

(LB) 

MISSION " 


X 




cycles/dAy 

OWS/MISSION 


TOT'.VOL/'CfClE 

(FT5) 




TOTAL VOL/CYCIt 
(FT>) 


KG fLB) 


:□ 


TTIfTT 




TYPE 


EXPENDABLiS REaUXKEHENIS 


0 

AHT.USED/CYCLE(REF) 

(LB) 


0 

RECOVERY 

FACTOR 


AHT 


:RECnVERED/CYCLE 


AHT LOST /CYCLE 

<D-C|) 

(LbT 


L® 




TOTAL WT. 

^IVSTON X 

cVcle/oay "'OAVS/HlSSIOfr 


TSDsnw/cvrLT 

(r G* 


(LU) 


Ce O 






D2M18561-3 



DESCRIPTION 

The cards concept provides card decks and card deck retainers for card playing 
in. zero-g. The card retainer is constructed using a flexible strap with a 
wagnet at each end. The assembly is covered with Beta cloth. The cards are 
standard cards manufactured using a lamination of three layers of Scheufelin 
.paper E-20. Each deck is stored in an aluminum container for nonflammability. 
Eight decks of cards were assumed for Space Station and four for Shuttle. 
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ASSUMPTIONS 

(1) The exercisers appliance function provides for maintenance of crewman 
physical condition under the influence of zero-gravity. 

(2) The actual Skylab equipment was used for the appliance function. 

(3) The Skylab equipment quantities were ratioed by crew size; i.e., six men 
divided by three men for Space Station and four men divided by three men 

' for Shuttle. The weights and volumes were then multiplied by the ratios 

(4) The concepts presented are not presented for trade purposes. Each of 
these concepts are cand'fdates for off-duty activity equipment. 

C 
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SPACECRAFT Sh uttle 

CTFRJuty 

HABITABILITY SOBSYSTEM Activity H 

APPIIANCE FUNCTION Exercisers ^ 

APPLIANCE CONCEPT NO. /TITLE 1/Exer-Gym 
INDEX NO. • 4.2,1.! 


Physical 

HABITABILITY FUNCTION Condi tionim 


REF. NO. 293, 96 


DESCRIPTION 

The cyter-gym concept is a commercial grade of exer-gyms manufactured by 
Exer-Genie. The unit provides exercise by means of varying rope tension to 
produce the desired push/pull restraint forces. Exer-gym works by putting 
each foot in the strap loops and pulling rope with one or two hands. A 
storage container is provided for the exer-gym. The study assumed four 
exer-gyms were provided for Shuttle and six for Space Station. 
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SPACECRAFT . , Shuttle, 

Off-Duty 

HA5ITABILITY SUBSYSTEM Activity 


Physical 

HABITABILITY FUNCTION Cond1tionin< 


AP;*UANCE FUNCTION Exercisers 

APPLIANCE CONCEPT NO. /TITL E 2/Hand Exerciser 
INDEX NO. 4.2. 1.2 REF. NO. 


293. 96 


DESCRIPTION 


The hand exerciser concept Is provided to keep hand and arm muscle condition. 
The hand exercisers are sha^d to fit the hand and are used as a “squeeze" 
type exerciser for maintaining grip strength. The units are coated with 
Fluorel for nonflammability. The study assumed four hand exercisers were 
provided for Shuttle and six for Space Station. 
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HABITABILITY SUBSYSTEM 


/ 

Medical 


APPLIANCE FUNCTIONS CONSIDERED 


5.1.1 Autoclaves 

5.2.1 Ergometers 


DESCRIPTION 

The inedical appliance subsystem considered by the study were those items 
judged to have a direct interface with the ECLSS. The Space Station will 
probably. Include more appliances than were considered in this section; how- 
ever, the autoclave and ergometer appliances were the only appliance functions 
defined for a near term Space Station. The Shuttle Orbiter, because of its 
short-term mission, would not require these appliances. These appliance 
functions were, however, complied for possible application to future Shuttle 
missions. 
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HABITADILITV SUBSYSTE M ^.0 Medical ^ 

HABITABILITY FUNCTION 5.1 Sterilization 

APPLIANCE FUNCTION 5.1.1 Autoclaves 

NUMBER OF CONCEPTS CONSIDERE D ' ^ ‘ 

ASSUMPTIONS 

(1) Venting of the autoclave chamber to vacuum was allowed since the contamination 
level was considered low. 
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SPACECRAFT^ Shuttle 

HABITABILITY SUBSYSTE M Medical HABITABILITY FUNCTION Sterilization 

APPLIANCE FUNCTION Autoclaves ^ 

APPLIANCE CONCEPT NO. /TITL E 1/Moist Heat Sterilizer 

INDEX NO. S.l.M REF. NO. 202 . 

DESCRIPTION I 

The moist heat sterilization concept utilizes high temperature saturated steam 
as the agent for sterilization. The advantages of this system are its rapid 
heating, penetration, and moisture which facilitate the coagulation of proteins. 

This is the mechanism by which the organisms are destroyed. The units sterili- 
zation operating temperature range is 121°C tol32 ‘’C {250°F - 270°F). The 
period of time used for this method of sterilization was assumed to be 15 
minutes at 1551 mmHg (30 psia). The air within the autoclave was assumed 
to be exhausted overboard prior to each sterilization cycle to assure efficient 
sterilization. The volume of the chamber used for computing the vented gas 
was .0504 m^ (1.78 ft^). The water used per cycle was 0.072 kgms/use (0.158 lb/ 
use) which is recondensed and recovered, 
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SPACECRAFT Shuttle 

HABITABILITY SUBSYSTEM Medical HABITABILITY FUNCTION Sterilization 

APPLIANCE FUNCTION Autoclaves ^ 

APPLIANCE CONCEPT NO. /TITLE Heat Sterilization 

INDEX NO. • 5. 1.1. 2 rEF. N0.__202 

DESCRIPTION 

The dry heat sterilization concept uses dry heat as ,the sterilization agent. 
This concept requires much higher temperatures and longer exposure times than 
Concept 1. The study assumed a 2 hour sterilization time period at 320°F. 

The dry heat destroys organisms by means of oxidation of their intercellular 
constituents. The unit will sterilize everything but aqueous materials because 
of its low vapor pressure. The dry heat chamber (1.78 ft3)was assumed -to be _ 
insulated with a .038 meter (1.5 inch) thick polystyrene foam. 

The heat leak calculated was based on this insulation system. In 
addition to the 2 hour sterilization period, a 20 minute warmup time was 
assumed. 
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• SPACECRAF T Shuttle * , , 

HABITABILITY SUBSYSTEM Medical HABITABILITY FUNCTION Sterilization 


APPLIANCE FUNCTION Autoclaves ^ 

APPLIANCE CONCEPT NO. /TITL E 3/ Ethylene Oxide Sterilizer 

INDEX NO. 5.K1.3 REF. HO. 202, 292 

DESCRIPTION • I 

The ethylene oxide sterilizer concept uses a mi xture .of Freon 12 and ethylene 
oxide as a sterilant agent. The sterilizer was assumed to operate at oc 
(130‘^F) temperature, 1337 mmHg(22 psia) pressure-, and at a relative humidity 
of 4095. The water used to raise the humidity and the air required evacuated 
prior to usage were assumed loss after each cycle. Since ethylene oxide is 
extremely flammable in air, mixtures of 88% Freon 12 and 12% ethylene oxide 
or 90% carbon dioxide and 10% ethylene oxide to ci rcumvent this problem. The 
ethylene oxide sterilant mixtures are toxic and corrosive. A design using 
this concept would require careful interlocking of the chamber door to prevent 
accidental injury. The internal volume of the chamber was assumed to be 
.05 m3 (1.78 ft3) with approximately .003 pounds of water per charge for 
maintenance of relative humidity. The sterilant mixture is exhausted after 
the sterilization cycle is complete. The study assumed 20 hours were required 
for sterilization with a 5 minute warmup period. The cylinders used for the 
sterilant mixture were assumed to be aluminum. 


B2>606 



. D2>il856|;3 

APPLIANCE CONCEPT REOUtPUMNIS AND PENALTIES CAI.CULATIONS 

cwcEPT^£35^5i4£2/£L^//)£r «575se/^£W7c?// 

P.Li£lil£Ak EOwtE iiaUiSLEENls 


USE^ ME 

CYCLE 

COMPONENT (REF) (HR) 

(£az) -20j^ 


AC ■ POWER 



0 


PEAK 

average 

(WATT'HR/ 

(WATTS) 

(WATTS) 

<Dx@ 

Z3g. 

JUl— 

J437 


INOEX HUMMER ^ /, /._3 


DC POWER 




ur- 

PEMAND 

PEAK 

AVERAGE 

(WATT-HR/ 

(WATTS) 

(WATTS) 

®*0) 

.//A 


A//4. 


Z3o 

MAXIMUM . 


3^37 • — 

TOTAL HAXIMUt-1 


TOTAL 



IliLE!i&k E-kau iR E H E H li 


SOURCE 


LATENT 

(BTU/HR) 


SENSIBLE 

(BTU/HR) 


i U/he^/JP P^lOD_ ^ 


HEAT LEAK 
(BTU/HR) 


TO COOLANT 
(BTU/HR) 


TOTAL 

HATT (BTU/HR) 



HATT (BTU/HR) WATT (BTU/HR) HATT (BTU/HR) 


OPERATIONAL PEHALTiES 


SOURCE 

M/A 


THERMAL 

NEAT LEAK TO COOLANT 

(BTU/HR/CVCLE) (BTU/KR/CYCLE) 


ELECTRICAL HEIGHT 

(PK HAHS/CYCLE) (LB/MISSION) 


VOLUME 

(ft’ /MISSION) 



TOTAL — 

WAns/CYCLE HATTS/CYCLE KG/MISSION H^/HISSIOH , 

(BTU/im/CYCLE) (BTU/HR/CYCLE) (LB/KISSION) (FTVMISSION) 


B2-607 


APPLIANCt CONCEPT REQUlPmLNTS m PCNAUIIS CALCULATIONS (CONCLUDtO) 

tm.mSfeTHJtCCM£-artOE aT€^tUZJH70A/ INDEX NUHUCR ^ / /« 3 


£i££fi, S£l£!iI/£fiklL!ll EiftHI&LiiEbls 


COWONENT 




n-Z<» (38»0& 


n 


SOLID EXPEKDAOLE MT/VOL REauiREHENTS 

® ’ (D " “ ® 

© KT/UNIT (REF) WT/CYCLE VOL/UNIT (REF) 

(PXG,HT/UNIT)(REF) <t)X© (PKG.VOL/UHIT){REF) 

UNITS/CYCLE(REF) (L6> (LM (fV) 


C81 k . 


<D 

VOL/CYCLE 




TOTAL KT. , 

"RRSieiT 


TOTAL VOL 
HfSSION 


1^ 


TOTAL KT/CYCLE 


CYCLLS/OAY 


“CYCLES/DAY 


^ 

(LB) 

r2<?,5 ' X . 02/ f S3 ‘ 

DAYS/F(1SS10N TOT.VQL/CYCLE 

(FT») 


vsi 


TOTAL VOL/CYCLE 

(HM 


•oi4^z ' 


£*S/ii&!ii 5 . expendables REaUiREMENTS 

• A © (D 

PFrnurpv AHT.RECOVtRLD/CYCLl 

AHT.USED/CYCLE(REF) RtCOVt-RT 


® © 
AHT.RECnVtRLD/CYCLE AMT LOST/CYCLE 

®X® ®-© 




ECD 


E® 2*ZZ1 


f X \ 2,2.21 ^ 2,Z3 - 1 2L7 (¥7. 

ElETdKy -Ws/HfsfloiT- VomTosWclT ® 










t 


1 


02>ll856i-3 



I HABITABILITV SUBSYSTE M Medical ^ 

Y I 

^ V f 

I HABITABILITY FUNCTION 5.2 Physical Monitoring 

? ' ■ 
t 

P 

j APPLIANCE FUNCTIO N 5.2.1 Ergometers 

¥ 

I NUMBER OF CONCEPTS CONSIDERE D ^ 

ASSUMPTIONS 

None 
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SPACECRAFT Shuttle 

r . ” Physical 

HABITABILITY SUBSYSTE M Medical HABITABILITY FUNCTION Monitoring 

APPLIANCE FUNCTION Ergometer ^ 

APPLIANCE CONCEPT NO. /TITL E Ergometer ■ 

INDEX NO. 5*2.1 REF. NO. 94, Sky lab unit 

DESCRIPTION I 

The ergometer is a bicycle-type, floor-mounted exercise machine with handlebars, 
bicycle seat, bicycle pedals, and a chest board. The ergometer is designed 
to allow the crew to exercise in a zero-g environment, using either his 
hands or his feet to drive the ergometer. The ergometer is capable of auto- 
matically programing heart rate {100 to 200 beats per minute) which is accomplished 
by a feedback loop control in which the workload varies automatically to produce 
desired heart rates. The exercise is accomplished by manually pedaling which 
. drives a DC torque motor. The work is released to the environment as heat. 

The rate of power application in the automatic mode shall be adjustable from 
25 to 100 watts per minute. The manual mode workload range is 25 to 300 watts. 
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APPLIANCE CONCEPT NEQUIW.MENTS AND PtNALTHS CALCULATIONS (LtiNUUnrO) 

CONCEPT ei^omere^ ' index nuhinh StZtM., 


iliLfi WCiGHT/VOLUHE EL9lLlB£«iNli 


COMPONENT (REF) 

£U£Ci3SQMLCS. 


UCIGIIT 

(LBS) 





VOLUME 

(fT^) 


3.Z-51 



TOTAL 


74^.34- (/^ 

KG (LBS) 


/.oi ^ .S) I 

M» (FTT) 


TYPE 

M/&. 


ifiklN expendable WT/VOL RtaulREMENlS 


UNlTS/CVaE(R£F) 


KT/UNIT (REF) 
(PKG.HT/UN1T)(REF) 
(LB) 


WT/CYCLE 


® 

VOL/UHIT (REF) 

{pkg.vol/ijh:t)(ref) 

(FT’) 


VOL /CYCLE 




TOTAL HT/CYCLE 
.(LB) 


E® 


Total voL/cVriL 
(FT 3) 


TOTAL HT. 

"Mrs'sw 


CYCLES/DAY 


X 

DAYS/hISSJOH TOT.WT/CYCLt 

(EB) 


kgTlbT 


Tt^TAl VOl 
V'TSSION " __ 


_ X _ 




1 




cyclEsTBAy 


DAYS/HISSION 


TOT. VOL /CYCLE 
(FT3) 


h^TfTO 



£AS/L.19UiD expendables REaoiREMENTS 


TYPE 


Q 

AMT. USED/CYCLE (REF) 
(LB) 


RECOVERY 

FACTOR 


@ 

AHr.RECOVERFO/CVCLE 



® 

AMT LOST /CYCLE 

©-d) 

(lbT 


E® 


TOTAL HT. 

^TS'STON ’ X X • 

Cycle/dAy “^A'YS/Kl'ssroN T5iAL loST/Tycle' 

■ a 0 (IB) 



B2-612 





